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11 . I S  I  R Q B U C I  I  0 N*
While subluxation of the bumeral bead la  a w e l l -  
known com plication  o f  Brb*s o b s te tr ic a l  p a r a ly s is ,  the 
e t io lo g y  of which appears to  have been s a t i s f a c t o r i l y  
determined, a sso c ia ted  subluxations and d is lo c a t io n s  of  
the r a d ia l  head have been commented upon so Infrequently  
th a t  i t  would appear e i th e r  that the con d ition  i s  
p r a c t ic a l ly  unknown or that the l e s s  obvious degrees  
are escap ing  d e te c t io n .
^he d iscovery  of sev era l instances of the con d ition  
some years ago at an ou t-p a tien t c l i n i c  of  the Royal 
H osp ita l for Sick Children, Glasgow, a t  routine fo llo w -  
up examination of older ch ild ren , who had been trea ted  
in  infancy for ®rb*s o b s te t r ic a l  p a r a ly s is ,  prompted a 
survey of the l i t e r a tu r e  on the subject* This, however, 
threw l i t t l e  l ig h t  on the com plication , e i th e r  from the 
point o f  view of e t io lo g y  or of treatm ent, what few 
referen ces  there were d ism iss in g  i t  in  a few l in e s  as 
being an uncommon and unimportant com plication of  
doubtfu l e t io lo g y  occurring in  the older child*
I n /
In  1948 four  cases  of p o s t e r i o r  sub lu x a t io n  of 
th e  r a d i a l  head were p resen ted  a t  a meeting of the 
S c o t t i s h  S u r g i c a l  P a e d i a t r i c  Club a t  a p re l im in a ry  s tage 
of t h i s  i n v e s t i g a t i o n  in  the hope of g a in in g  more 
in fo rm at io n  on the inc idence and o ther  a spec ts*  The 
i n d i c a t i o n s  of t h i s  meeting were, t h a t  up t o  date  no 
s e r i e s  of ca ses  had been r e p o r t e d ,  nor had any s e r io u s  
a t tem p t  been made to  account f o r  the occurrence of the 
co m p l ica t io n ,  and i t  was suggested t h a t  such bony 
d e f o r m i t i e s  only occurred in  the n eg lec ted  case* 
Subsequent communications, however, from the v a r io u s  
S c o t t i s h  C en tres  repor ted  the occurrence of su b lu x a t io n s  
not  p re v io u s ly  noted in c h i l d r e n  who had been t r e a t e d  
In the  ro u t in e  f a sh io n .  Accordingly ,  a review of  a l l  
c a se s  of  E rb #s o b s t e t r i c a l  p a r a l y s i s  a t t e n d i n g  a t  the 
h o s p i t a l  over the p a s t  f i f t e e n  years was under taken to  
a r r i v e  a t  co n c lu s io n s  concern ing  the  in c id en c e ,  e t i o l o g y ,  
t r e a tm e n t ,  and, in  p a r t i c u l a r ,  the p o s s i b i l i t y  of 
p rev en t io n  of the a s s o c ia t e d  sub lu x a t io n ,  a s ,  judg ing  
from the few cases  which had been seen  up to  t h i s  t im e,  
the  subluxated  r a d i a l  head appeared t o  be caus ing  a very 
much g r e a t e r  degree of d i s a b i l i t y  th an  the  l i t e r a t u r e  
would/
would lead one to  expect in  cases in  whom recovery  
otherwise had been good*
E ighty-seven  cases  of Erb's o b s te tr ic a l  p a r a ly s is  
were examined during t h i s  survey, and a further n ineteen  
have attended since the in v e s t ig a t io n  began and are  
included in  the s e r i e s ,  bringing the t o t a l  to  one 
hundred and s i x  ca se s .  This paper reports on t h ir ty -  
two cases o f  subluxation or d is lo c a t io n  of the ra d ia l  
head, an incidence o f  30% of the s e r ie s .
During the in v e s t ig a t io n  i t  became c le a r  that these  
sub luxations and d is lo c a t io n s  were of  two ty p es , t o t a l l y  
d if f e r e n t  in  every resp ect;  f i r s t l y ,  a p o ster io r  type 
o f  which there were twenty-seven c a s e s ,  an incidence of 
25*4%; and secondly, an an terior type, o f  which there  
were f iv e  ca ses ,  an incidence o f  4.7%.
2* UCTSBATURB KBHTAINING TO THE CONDITION.
In most of tb s  papers  on ®rb#© p a r a l y s i s  which 
were read there a r e  no r e f e r e n c e s  whatever to  r a d i a l  
sub lu x a tio n . The fo l lo w in g  r e f e r e n c e s  a re  t o  those  
papers in  which the c o n d i t io n  I s  mentioned or d i s c u s s e d .
Most a r t i c l e s  mention the f a c t  t h a t  impairment of 
sup ination  and o f  f u n c t io n  of  the elbow J o i n t  of the  
a f fe c te d  arm Is  a f e a tu re  In some o lde r  cases* b u t  only 
a few papers  d e s c r ib e  the  occurrence of r a d i a l  head 
d is lo c a t io n ,  ag a in  confined to  the o lde r  c h i l d .  in  
sp ite  of the  f a c t  t h a t  t h i s  1© adm it ted  t o  cause a 
re s id u a l d i s a b i l i t y *  the c o n d i t io n  I s  d ism issed  In a 
few words, and th e re  I s  l i t t l e  I f  any ex p re s s io n  of 
opinion reg a rd in g  the  inc idence ,  age o f  o nse t ,  c a u s a t io n  
or treatment preven t ive  or c o r r e c t i v e ,  of the c o n d i t i o n .
Bullard (1907) s ta te© t h a t  in some old cases  
extension  of the elbow Is  l im ited#  He i s  of the 
opinion that t h i s  Is due to  contracture of l igam ents  
and t i s s u e s  surrounding the Jo in t or sometimes t o  bony 
malformation. A radiograph of a p o s t e r i o r l y  d i s l o c a t e d  
ra d ia l head o f  a c h i l d  of about s i x  years  Is i l l u s t r a t e d  
and/
and i t s  abnormal shape i s  a ttr ib u ted  to  the d is lo c a t io n .  
L im itation  of ex ten sion  o f  the elbow, he sa y s ,  i s  due 
sometimes to  lack o f  development of the olecranon process  
of the u lna . As w i l l  be shown l a t e r ,  h is In terp re ta t io n  
of these  radiographs i s  in co rrec t .
Thomas (1914) reporting online o ld  cases of Frb#s 
p a ra ly s is  mentions that in se v e r a l  with lim ited  elbow 
movements there was "undue prominence" o f  the r a d ia l  
bead* but t h i s  f in d in g  i s  not enlarged upon. In t h i s  
s e r ie s  one case of  an terior d is lo c a t io n  was noted, and, 
having already a ttr ib u ted  the p a r a ly s is  to  a d is lo c a t io n  
o f  the shoulder at  b ir th ,  he is of the opinion th a t  a l l  
a sso c ia ted  d is lo c a t io n s  of the ra d ia l head are a l s o  due 
to  b ir th  in jury .
Sever (1925) in a s e r ie s  of 1 ,100  ca ses  o f  Brbfs 
palsy  found that a subluxation  or d is lo c a t io n  of the 
ra d ia l head had occurred in many in sta n c es .  Ife admitted  
that he Was unable to  c l a s s i f y  these cases  c o r r e c t ly .
Gilmour (1925) d ivided  cases  of Brb*s p a ra ly s is  
in to  three groups. F ir s t ,  the ty p ic a l  mild case with  
complete or almost complete recovery; second, the
“ir r i t a b l e 1* type which a t  b ir th  shows some degree of  
n e u r i t i s /
n e u r it i s  of the b rach ia l p lexu s; and th ir d ,  the type 
showing contractures and d efo rm itie s ,  t h i s  l a s t  type,  
n a tu r a lly ,  belonging to  an older age group than the 
preceding two. Be i s  o f  the opinion that babies in  
whom the o r ig in a l  le s io n  has been n e ith er  too  s l ig h t  
nor too  gross are l ia b le  to  become Type 3 cases  in  due 
cou rse . $ ix  out o f  a s e r i e s  o f  e ig h t  " ir r i ta b le *  type 
c a se s  were ev en tu a lly  c l a s s i f i e d  in t h i s  th ird  feroup.
Be mentions that l im ita t io n  o f  elbow movements and rad ia l  
subluxations occur in  th is  th ird  group, and su ggests  that  
the sub lu xation  i s  due to  the combined p a r a ly s is  o f  the 
supinators and the p u ll  of pronator t e r e s .  The 
s im i la r i t y  of Gilmour*s f in d in g s  with those of some cases  
o f  the present s e r i e s ,  except for the important aspect  
o f  age in cidence, w i l l  be evident l a t e r .
Jepson C1930) s t a te s  that in  the older c a se ,  
extension  of the forearm on the arm i s  o f te n  impaired, 
but that no bony d eform ities  are to  be found r a d io lo g ic a l ly ,  
at any rate in the f i r s t  year of l i f e .  Be a t tr ib u te s  the 
l im ita t io n  of movements to  s o f t  t i s s u e  contractures and, 
in  some older c a se s ,  to  bony malformations, which are  
unspecified  in  the paper.
Kb.Farland/
Mc.Farland (1936) d escr ib in g  a s e r ie s  of  e leven  
an ter ior  d is lo c a t io n s  o f  the ra d ia l  head in ch ild ren ,  
unassociated with p a ra ly s is  or trauma, considers that  
t h is  deform ity i s  con gen ita l in  o r ig in ,  as d i s t in c t  from 
"subluxations of  the r a d ia l  head occurring in Brbf s 
p a r a ly s is  as a re su lt  o f  muscle imbalance”.
B a d io lo g ic a l ly ,  the appearances o f  h is  cases  are 
id e n t i c a l  in  every d e t a i l  with the an terior  d is lo c a t io n s  
in  t h i s  s e r ie s ,  but, judging from the find ings to  be se t  
out la te r  in  t h is  paper, the d esc r ip t io n  of t h i s  con d ition  
as being o f  con gen ita l o r ig in  appears to  be in co rrec t .
Morison (1938) s ta te s  that in  h is s e r ie s  of twenty- 
e ig h t  ca ses  of Erb*s p a lsy , although more than h a lf  had 
d e f ic ie n t  extension  of the elbow and d e f ic ie n t  supination ,  
no demonstrable bony changes were found r a d io lo g ic a l ly .  
Although no mention i s  made of the occurrence of ra d ia l  
subluxation, one case o f  the s e r ie s  had h is  r a d ia l head 
removed "to improve the p o s it io n  of the forearm". i t
would seem probable that th is  was a subluxated or 
d is lo c a ted  head.
Moore (1939) says that "contractures in  turn lead
to  jo in t  d e fo rm it ie s ,  e s p e c ia l ly  in  the shoulder, where 
a /
a.
a sub luxation  i s  o ften  seen and in  the elbow where a 
displacement of the ra d ia l bead i s  seen . In the 
moderate cases  there i s  frequently  some f le x io n  
contracture of  the elbow J o in t ,  O ccasionally  the 
ra d ia l head i s  d is lo c a ted  upwards from I t s  normal 
p o s i t io n ,”
As far a s  could be ascerta in ed  these authors 
trea ted  th e ir  Erb*s p a ra ly s is  cases  in f u l l  co r re c t io n ,  
e i th e r  by a s p l in t  or by ty in g  the hand behind the head, 
Some cases  who had no early  treatment are reported as 
having developed bony deformity of the elbow reg ion .
In papers where t h i s  deformity Is described  i t  appears  
to  have been an an terior  d is lo c a t io n  which was presen t.  
Ho instance was found in  the l i t e r a tu r e  of a ty p ic a l  
p oster ior  d is lo c a t io n  occurring in a c h ild  whose 
p a ra ly s is  had been untreated or n eg lec ted .
3* OBJECTIVES OF THIS THESIS%
In c o n tr a d is t in c t io n  to the papers quoted above
i t  i s  proposed to  show th a t : -
1 . Two d i s t in c t  and separate types of subluxation and 
d is lo c a t io n  o f  the r a d ia l  head may be encountered as 
com plications of Erb*s p a r a ly s i s ,  an an terior  type 
and a p o ste r io r  type.
2 .  The e t io lo g y  of the two types i s  com pletely d ifferen t •
3* The p o ster io r  type i s  not a simple d is lo c a t io n  or 
subluxation  of a normal ra d ia l head caused by the p u ll  
of contractures and occurring in the older c h i ld ,  as 
suggested in  the l i t e r a tu r e ,  but commences in  infancy  
in  c e r ta in  cases of Erb*s p a r a ly s is ,  and i s  due to the 
p o s it io n  in Fa i rpankts s p l in t  of an arm, whose muscles 
are g r o ss ly  unbalanced, s e t t in g  up s t r e s s e s  and s tr a in s  
which g ive r i s e  to  a lte r a t io n s  in metaphyseal growth.
4 .  ^videnee o f  bony malformation and in c ip ie n t  p o ste r io r  
subluxations of the rad ia l head can be seen r a d io lo g ic a l ly  
as early  as two to  four months o f  age , long before
there i s  any c l i n i c a l  evidence of deform ity.
5 . The an terior type i s  a simple traumatic d is lo c a t io n  
occurring at b ir th ,  which may or may not be a sso c ia ted  
w ith /
1 0 .
w ith  an Q?b*s p a r a ly s is .
6 .  In cases  with a poster ior  subluxation , l im ita t io n  
of elbow movements i s  prim arily due to  bony deform ity. 
S o ft  t is s u e  contractures play a minor part a t  f i r s t ,  
but accentuate the e f f e c t s  o f  the bony deformity as the 
c h ild  becomes o ld er .
7* The com plication can be modified and p o ss ib ly  
prevented, with consequent improvement in the 
fu n ctio n a l r e su lt  as a whole, by the assumption of  
a modified s p l in t ,  which has been evolved as a r e su lt  
of t h i s  In v es t ig a t io n .
In order to  a t ta in  these ends a great d e a l  o f  
d e ta i le d  c l i n i c a l  and r a d io lo g ic a l  m ateria l i s  of  
h e c e s s i ty  included.
4 . PATHOLOGY OF EBB*S OBSTETRICAL PARALYSIS.
The condition  was f i r s t  described by Sm ellie in  
1768 (quoted by Abt, 1923) who thought that the 
p a ra ly s is  was due to  long-continued pressure of the 
f o e t a l  arm on the maternal p e lv is .  S ince Duchenne*s 
d escr ip t io n  in  1872, however, i t  has been recognised  
th a t  the p a ra ly s is  i s  due to  injury a t  b ir th .
Thomas (1914) b e lieved  that the p a ra ly s is  was 
secondary to  a traumatic d is lo c a t io n  of the shoulder 
a t  b ir t h ,  and caused by the r e s u lt in g  haemorrhage 
track in g  up the nerve sheaths of the p lexu s , but s in ce  
t h i s  time s u f f i c i e n t  number of cases  have been operated  
upon or examined at autopsy to  prove th at  the le s io n  
.Is a d e f in i te  b ir th  injury to  the plexus i t s e l f ,  and that  
a shoulder d is lo c a t io n ,  i f  presen t, i s  a secondary fea tu re .
The concensus of opinion to-day i s  that the cond ition  
i s  due to  trauma to  the upper trunk of the b rach ia l  
plexus at or near the jun ction  of C5 and C6 nerve ro o ts ,  
and that t h i s  trauma i s  caused by an increase in the 
neck-shoulder angle during b ir th  (Boorste in  1923, Taylor 
1920, P la t t  1920). Mc.Fadden (1928) i s  o f  the opinion  
that the mechanism o f  nerve injury Is  t r a c t io n  on the 
a f fe c te d  arm with f le x io n  and r o ta t io n  of the head to  
t h e /
the  opposite s id e .  He demonstrates that in  t h i s  
p o s it io n  the transverse process of the seventh c e r v ic a l  
vertebra impinges on the plexus at **Brb*s point**.
C la s s i f ic a t io n  of Cases.
The amount of nerve injury can be of any degree 
o f  s e v e r ity  from a s l i g h t  perineural haemorrhage to  
complete d iv is io n  of the plexus trunk or even avu lsion  
o f  the nerve roots from the sp in a l  cord. The s ig n s ,  
symptoms, and prospects of recovery n atu ra lly  depend on 
the amount of nerve damage. U nless the case be operated 
upon a t  an ear ly  age, when the injury to  the plexus can 
a c tu a l ly  be seen, $be trde amount and type of nerve 
damage that there has been can only be assessed  when the 
c h ild  i s  some years old and a l l  recovery has ceased .
In any s e r ie s  of c a se s ,  th ere fo re , only those who are 
old enough can be grouped according to  fu n ct io n a l  
recovery and to  what the probable pathology has been. 
Even so ,  such groups merge into  one another, and cannot 
be sharply demarcated.
The fo llow in g  c l a s s i f i c a t i o n  has been adopted in  
order to  co -re la te  the incidence o f  subluxation  and 
d is lo c a t io n  of the ra d ia l  head with the amount of  
recovery ,length  of time of s p l in t in g ,  and probable 
pathology of the whole s e r i e s .
Type X j
1 3 .
Tyne 1 . Mild pathology. Complete to  good recovery.
Failure of conduction i s  due to  s tr e tc h in g  o f  the  
nerve f ib r e s  and a sso c ia ted  perineural haemorrhage 
causing a p h y s io lo g ic a l  blockage.
( a ) .  In the m ild est eases  the haemorrhage i s  absorbed 
and recovery i s  ea r ly  and complete.
(b ) .  In the l e s s  mild cases c i c a t r i s a t io n  occurs, 
recovery i s  therefore slow er, and i s  incomplete to
a variab le  degree, r e s u lt in g  in s l i g h t  re s id u a l weakness.
Normal growth of the limb occurs in  these c a s e s .
Type 2 . Moderate pathology. Fair to  poor recovery.
F ailure  of conduction i s  due to  s tr e tc h in g  of some 
nerve f ib r e s  and tear ing  of o thers, with a sso c ia ted  in tra  
and extra-neural haemorrhage. This i s  followed by 
c ic a t r is a t io n  and neuroma formation and r e s u lt s  in  a
permanent lo s s  o f  conduction in  some o f  the a ffe c te d  
fibres*  Recovery i s  slow and p a r t ia l  to  a varying  
degree depending on the number and s i tu a t io n  of the 
f ib r e s  involved.
Frequently th is  type o f  case i s  complicated by a 
“n e u r i t i s ” of the plexus causing i r r i t a b i l i t y  and 
tenderness of the non-paralysed m uscles, and tenderness  
can/
can a ls o  be e l i c i t e d  in  the neck over the plexus i t s e l f .  
The arm i s  held firm ly in  the c l a s s i c a l  p o s it io n  by 
spasm of these m uscles. This “n e u r i t i s ” i s  probably 
due to  i r r i t a t i o n  caused by haemorrhage amongst the 
frayed-out nerve fibres*
Interference with the n u tr it io n  of the limb i s  
demonstrated a t  an ear ly  age by imperfect o s s i f i c a t io n  
and slowing up o f  growth of the bones, by delay in  the 
appearance of the abnormally sm all ep iphysea l cen tre s ,  
and la te r  by th e ir  la te  fu s ion  with the metaphysis and 
with one another.
Type 3 . Severe pathology. Poor to  minimal recovery.
Failure of conduction i s  due to  complete or almost 
complete rupture of the upper trunk o f  the plexus at  
wBrb*s po in t” or, in  the most severe c a s e s ,  to  a c tu a l  
avulsion  of the nerve roots of 05 and 06 from the sp in a l  
cord, th is  being frequently  accompanied by varying  
degrees of injury to  the re st  of the p lexus, and i s  
followed by a complete and permanent f la c c id  p a ra ly s is  
of the muscles supplied. Recovery Is minimal or n i l .  
The bones are d e c a lc i f ie d ,  sm aller than normal in  a l l  
d tensions, and ep iphyseal o s s i f i c a t io n  and fu s ion  are 
much delayed* Trophic and sensory disturbances are 
freq u en tly /
15 .
f r e q u e n t ly  a s s o c i a t e d .
Incidence of Recovery.
There i s  co n s id e rab le  divergence of op in ion  in  
the  l i t e r a t u r e  as t o  the p ro p o r t io n  o f  cases  making a 
complete recovery .  T ra in o r  & C ro the r  (1923) c o n s id e r  
t h a t  f u l l  recovery i s  e x c e p t i o n a l ,  whereas Fleming (1931) 
ob ta ined  complete recovery  in  twenty-one out of  twenty- 
e i g h t  c a s e s .  Jepson  (1930) s t a t e s  t h a t  complete 
recovery  i s  r a r e ,  and occurs only in  the  m i ld e s t  c a s e s .
I n  our exper ience  a l s o ,  complete recovery  i s  uncommon - 
out of t h i s  s e r i e s  of one hundred and s i x  ca ses  only 
seven teen  showed no r e s i d u a l  d i s a b i l i t y  whatever .
Most au thors  agree t h a t  between 40% and 60% of c a se s  
show a good f u n c t io n a l  recovery ,  t h a t  is to  say ,  a l though  
evidence of  the  o r i g i n a l  l e s i o n  i s  s t i l l  p r e s e n t ,  the 
p a t i e n t  i s  not inconvenienced by i t ,  nor is i t  s t r i k i n g l y  
obvious. Such cases  belong t o  p a th o lo g ic a l  Type 1 (b ) .  
About 35% make a f a i r  recovery ,  and these  a r e  of Type 2.  
The remaining 25% show only a minimal improvement and 
th e re fo r e  a r e  of  Types 2 and 3.
The leng th  of time t h a t  s p l i n t i n g  i s  r eq u i red  i s ,  
of  course ,  d i r e c t l y  dependent on the e x t e n t  of  the 
P a th o lo g ic a l  l e s i o n .  I t  appears  to  be agreed  t h a t  i f  
re cove r y /
1 6 .
recovery i s  to  be complete i t  w i l l  be so a f t e r  three 
to  s ix  months of treatment (Fairbank 1913, Jepson 1930, 
Taylor 1920), and that cases requiring up to  one year 
of treatment make a fa ir  recovery, whereas those who 
require longer than one year show only minimal 
improvement over th e ir  o r ig in a l  con d ition ,
These f ig u r es  correspond c lo s e ly  with the f ind in gs  
in  t h i s  s e r ie s ,  as can be seen in Table 1« in  which 
e ig h ty -sev en  cases  o f  the s e r ie s  have been grouped 
according to  fu n ct io n a l recovery to  correspond with the 
foregoing  p a th o lo g ica l types* The number of cases in  
each type , the c r i t e r ia  by which the cases  were grouped, 
and the incidence of the two types of subluxation anil 
d is lo c a t io n  a re a l s o  shown*
The remaining n ineteen  c a se s  have not been 
c l a s s i f i e d ,  a s  they are as yet too young to a s s e s s ,  
being s t i l l  under a c t iv e  treatment* None, however, 
are of p ath o log ica l Type 3 , as a l l  the paralysed muscles 
are showing some degree of recovery* S ix  instances of  
p osterior ra d ia l  subluxation are present*
I t  is notable that the great m ajority of cases o f  
posterior  d is lo c a t io n  f a l l  in to  the moderate group, 
whereas/
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whereas the cases  of  a n ter io r  d is lo c a t io n  are spread 
evenly  throughout the three groups#
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5 . SCHEME OF TREATMENT
GLASGOW,
PRIOR TO THIS INVESTIGATION.
The treatment of o b s te tr ic a l  p a r a ly s is  had been 
along the l in e s  adopted in  most c l i n i c s  and followed  
that suggested by Fairbank in  1913, which s e t s  out to  
r e la x  paralysed muscles and prevent con traction  brought 
about by unopposed muscle groups.
1 . A pplication  o f  a Fairbank type f ibre  s p l in t  as 
ea r ly  as p o s s ib le .  The a f fe c te d  arm is  thus f ixed  
in f u l l  ex tern a l ro ta tion  and 90° abduction at the 
shoulder, 90° f le x io n  at the elbow, f u l l  supination
of the forearm, d o r s if le x io n  of the w f is t  and extension  
of the metacarpo-phalangeal j o i n t s .  Elg.. X.
2 . Massage and lim ited  passive movements when recovery  
i s  apparent.
3 .  Encouragement of active  and purposeful movements
at as early  an age as p o ss ib le .  The s p l in t  i s  discarded  
during the day and reapplied  a t  night when the fo llow in g  
conditions are f u l f i l l e d .
( a ) /
2 0 .
FIGURE
T?Tn jJ • # T y p i c a l  c a se  of  E r b ’ s p a r a l y s i s  ' n a f a i r b a n k f s s p l i n t .  
(R.H.E.C.  P a t t e r n . )
2 1 .
( a ) .  When the  in f a n t  can r a i s e  his  arm from the  s p l i n t .
( b ) . When the  e x t e r n a l  r o t a t o r s  o f  the shou lde r  have 
recovered  s u f f i c i e n t l y  to  balance the i n t e r n a l  r o t a t o r s .
( c ) .  Whe n the f l e x o r s  of the  elbow are v o l u n t a r i l y  
c o n t r a c t in g .
4 .  The s p l i n t  i s  d i s c a rd ed  complete ly  only when recovery 
i s  w el l  advanced.
5 .  C o n t in u a t io n  of phys io therapy  u n t i l  the c h i l d  i s  
some years o ld ,  depending on the amount of recovery .
Table P l i s t s  the twenty-seven cases  of p o s t e r i o r  
r a d i a l  su b lu x a t io n  or d i s l o c a t i o n  with p a r t i c u l a r  d e t a i l s  
reg a rd in g  the d u r a t io n  o f  employment of the  Fairbank 
s p l i n t ,  in  order  t o  emphasize the f a c t  t h a t  n e i t h e r  was 
the d u ra t io n  of s p l i n t i n g  unduly sho r t  or pro longed ,  
nor was t rea tm en t  begun a t  an unduly l a t e  date  i n  most 
c a s e s .
I t  w i l l  be noted t h a t  the p a t i e n t s *  ages a t  the 
date  of  d iscovery  of the co n d i t io n  a r e ,  i n m o s t  i n s t a n c e s ,  
w e l l  advanced beyond in fan c y .  Prev ious  to  t h i s  
i n v e s t i g a t i o n /
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23.
i n v e s t i g a t i o n  th e re  had been no ro u t in e  X-ray examination 
o f  a l l  c a se s ,  but  s in c e  t h i s  has been i n s t i t u t e d  i t  has 
become ev id en t  t h a t  in  some cases  bony a l t e r a t i o n s  were 
occu rr in g  not only in  the r a d iu s  but a l s o  in  the  u lna ,  
and t h a t  b y e a r l y  X-ray examination  these  changes could 
be diagnosed long before  they  were c l i n i c a l l y  appa ren t .  
T h is  rou t ine  radiography a t  an e a r l y  age accounts  for 
the com para t ive ly  e a r l y  d ia g n o s is  in  the f i r s t  s i x  c a se s .  
Cases 25, 26 and 27 were those d i s l o c a t i o n s  which 
o r i g i n a l l y  focussed a t t e n t i o n  on the c o n d i t io n ,  and 
Case 24, a l though not  t r e a t e d  in t h i s  h o s p i t a l ,  i s  
inc lu d ed ,  as by so doing the c o n d i t io n  in  the  a d u l t  can 
be s tu d i e d ,  a  p o in t  not otherwise p o ss ib le  in  a f i f t e e n  
year survey .
Table a l i s t s  the f ive  a n t e r i o r  d i s l o c a t i o n s  found 
in  the s e r i e s .  I t  w i l l  be noted t h a t  in  c o n t r a ­
d i s t i n c t i o n  to  the p o s t e r i o r  type these  ca se s  do not  
follow a s ta n d a rd  p a t t e r n .  Treatment was i r r e g u l a r  
and the f u n c t io n a l  r e s u l t  v a r i a b l e .  A l l  five* had 
extremely complicated  b i r t h s .
Despite the ro u t in e  rad iography p rev io u s ly  
mentioned, no new case showing t h i s  deform ity  has been 
found since the  i n v e s t i g a t i o n  began, a l though  d ia g n o s is  
shou ld /
24-
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should be p oss ib le  at b ir th .  This complication  
i s  obviously  much l e s s  common th a n  the  p o s t e r i o r  type .
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6 .  INSCRIPTION OF THE POSTERIOR SUBLUKATIQNS 
AND DISLOCATIONS.
1 .  CLINICAL DESCRIPTION.
The c a s e s ,  (27 In  a l l *  see Table, 2) w i l l  be 
d iv id ed  for  convenience in to  four  groups,  th r e e  based 
on age .
Group A. Cases 1 - 6 , who have been seen  and t r e a t e d  
as  new cases  s in ce  the  i n v e s t i g a t i o n  began. (P re sen t  
age 7 weeks -  1 y ea r ) .
Group B. Cases 7 -  11. whose per iod  of  s p l i n t i n g  had 
been completed before the i n v e s t i g a t i o n  began, but who 
were s t i l l  having phys io therapy .  (Present age 1 year -  
3% y ea r s . )
Group C. Cases 12 -  2 4 . whose t r ea tm en t  had been 
completed, who had been d ischarged  and were r e c a l l e d  
fo r  the purpose of the i n v e s t i g a t i o n .  (P re se n t  age 
5 years -  a d u l t ) .
Group Dj Cases 25 -  2 7 . Treated by operation prior  
to  in v e s t ig a t io n .
A c l i n i c a l  summary only w i l l  be g iven  of each of 
t h e s e /
th e s e  groups .  F u l l  c l i n i c a l  d e t a i l s  of  each case w i l l  
be found in  Appendix T.
Group A. Cases 1 - 6  (a t  f i r s t  v i s i t  aged 1 day to  
3 weeks.)
A n  s ix  were t y p i c a l  cases  of in ju r y  t o  C e rv i c a l  6 
and 6 nerve ro o ts  fo l low ing  a d i f f i c u l t  l a b o u r ,  e i t h e r  
fo rc e p s  or breech d e l i v e r i e s .
The a f f e c t e d  arms were held f i rm ly  in  the c l a s s i c a l  
p o s i t i o n  o f  adduc t ion  and i n t e r n a l  r o t a t i o n  of the  arm 
a t  the sh o u ld e r ,  e x te n s io n  o f  the elbow and p ro n a t io n  
of  the  forearm* The p o s i t i o n  of the hands was v a r i a b l e .
As f a r  a s  could  be a s c e r t a in e d  the  fo l low ing  
muscles were p a ra ly sed  -  Supra-  and i n f r a s p i n a t u s ,  
d e l t o i d ,  b ic e p s ,  b r a c h i a l i s ,  b r a c h i o r a d i a l i s  and su p in a to r  
i n  a l l ,  rhomboids in  th ree  and r a d i a l  e x ten so rs  o f  the 
w r i s t  in  f i v e .  A p o s t e r i o r  s u b lu x a t io n  of the shou lder  
was p re se n t  in  one c a s e •
The three youngest cases  (1 ,  9 & 16 days old) showed 
a well-marked " ir r ita b le  n e u r i t i s 1* of the b rach ia l  
plexus. The babies were extremely ir r i ta b le  and cried  
l u s t i l y  when the a f fe c te d  arm was touched or moved, 
th e re /
th e re  was an obv iously  te n d e r  a r e a  to  p ressu re  over 
the  s i t e  of the plexus in  the neck.  The unpara lysed  
m usc les ,  e s p e c i a l l y  t r i c e p s  and the i n t e r n a l  r o t a t o r s  
of the arm, were ex trem ely  tender  and in a s t a t e  of 
spasm. The arms were p laced in  the Fairbank s p l i n t  
w i th  d i f f i c u l t y  and obvious resentment on the  p a r t  of 
the  baby, and d i f f i c u l t y  was experienced  in  persuad ing
the mother t o  keep the  arm s p l i n t e d .
The th ree  o lde r  cases  ( a l l  3 weeks old) had a 
h i s t o r y  very  sugges t ive  of an e a r l y  " n e u r i t i s " ,  but  
the  unpara lysed  muscles and neck were no longer t e n d e r .  
There was spasm of the  unpara lysed  g roups ,  e s p e c i a l l y  
t r i c e p s  and th e  i n t e r n a l  r o t a t o r s  of  the arm. The 
Fa irbank  s p l i n t  was aga in  f i t t e d  with d i f f i c u l t y .
Group A. Cases 1 - 6  ( a t  age of d iscovery  of the
deform ity ,  aged 7 weeks t o  7 months.)
A ll  s ix  ca ses  were beginning  to  show recovery .  
faLhoulriers  ^ The one s u b lu x a t io n  had remained reduced
and was s t a b l e .  A l l  muscles showed a f a i r  degree 
of  recovery  except  D e l to id  in  two c a s e s .  No 
c o n t r a c tu r e s  and a l l  passive movements of the j o i n t s  
f u l l .
Amaa./
29.
Arms. No contractures* Biceps and b r a c h ia l is  s t i l l  
p a ra ly sed  In  f iv e  c a s e s ,  f l i c k e r  of  recovery  in  one*.
Forearms* No c o n t r a c t u r e s .  S up in a to rs  s t i l l  
pa ra ly sed  in  two c a s e s ,  s l i g h t  recovery  in  fo u r .  
R a d ia l  e x t e n s o r s ,  f u l l  recovery  in  four  c a s e s ,  s l i g h t  
in  one •
Pass ive  e x te n s io n  of  elbow l im i t e d  in  a l l  s i x  by 
15a -  20°.
Passive s u p in a t io n  f u l l *
Radial heads c l i n i c a l l y  normal in the three youngest 
cases and ? abnormally palpable in  the three older 
ones.
R ad io log ica l d iagnosis  of in c ip ie n t  p oster ior  
subluxation of the r a d ia l head was made and th e ir  
treatment a lte r e d .
I t  should be noted in  t h i s  group t h a t  the f l e x o r s  
o f  the elbow show a slow recovery and are lagg ing  behind 
those o f  the s h o u ld e r ,  and t h a t  l i m i t a t i o n  of pas s iv e  
ex ten s io n  of th e  elbow j o i n t  has a l re ad y  appeared ,  d e s p i t e  
the f a c t  t h a t  f u l l  pass ive  movements o f  the shou lde r  
j o i n t s  and f u l l  pass ive  su p in a t io n ,  were p o s s i b l e .
Sroup B. Cases 7 -  l l / ( a t . .
30.
Group B. Cases 7 -  11 ( a t  f i r s t  v i s i t  and aged 4 days-  
3 weeks) •
^hese f iv e  cases  very c l o s e ly  resembled the  p rev ious  
s i x ,  ^he youngest ca ses  ( 4 days and 5 days o ld )  showed 
t y p i c a l  " i r r i t a t i v e  n e u r i t i s "  symptoms and s i g n s .  One 
case had a very  sugges t ive  h i s t o r y  and in  two the  h i s to ry  
was i n d e f i n i t e .  A l l  had d e f i n i t e  spasm of the non­
pa ra ly sed  muscles e s p e c i a l l y  t r i c e p s  and the i n t e r n a l  
r o t a t o r s  of the arm.
Group B. _ Cases 7 -  I I  ( a t  age of d iscovery  of the 
d e fo rm i ty ,  aged 1 year -  3 years 6 months).
A l l  these  cases  had had t h e i r  s p l i n t s  removed bu t  
were co n t in u in g  w ith  phys io therapy .
S hou lde rs : -  Rhomboids -  recovery .
B e l to ld  & s p i n a t i  -  q u i t e  good recovery .  
Active e x t e r n a l  r o t a t i o n  and abduc t ion  f a i r .  
Pass ive  abduc t ion  and e x t e r n a l  r o t a t i o n  
l im i te d  in  t e rm in a l  degrees  by s l i g h t  
c o n t r a c tu r e s  of  p e c to r a l s  and subscapu la r  i s .  
No humeral s u b lu x a t io n s .
Elbows:-  % c ep s  and b r a c h i a l i s  are  s t i l l  markedly 
weak, even in  the  o ld e s t  ca se .
P a s s i v e /
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Passive  f l e x io n  l im i te d  by s l i g h t  
co n t ra c tu re  of t r i c e p s .
Active and passive e x te n s io n  l im i te d  by 
20° -  30° a l though  b iceps  and b r a c h i a l i s  
were f u l l y  r e lax ed .
Forearms: -  Active s u p in a t io n  l e s s  th an  90°.
Pass ive  s u p in a t io n  not more than  100°.
Wrist movements and hands normal.
The a f f e c t e d  arms were s l i g h t l y  sm a l le r  in  
a l l  dimensions than  normal.
The ra d ia l heads were a l l  abnormally palpable.
In  t h i s  group the elbow f l e x o r s  a re  s t i l l  very  
weak and pass ive e x ten s io n  of the elbow $nd pass ive 
su p in a t io n  are  more l im i te d  than in  the  previous younger 
group. ^ l i g h t  c o n t r a c tu r e s  are deve lop ing  in the  non­
para lysed  muscle groups.
Note*- regard  to  the  forego ing  c l i n i c a l  f in d in g s
i t  must be s t r e s s e d  t h a t  in  c h i ld r e n  as young a s  2 weeks 
to  3 years  of age the  amount of v o lu n ta ry  movement of an 
In d iv id u a l  muscle and even of  a limb i s  ex tremely  
d i f f i c u l t  t o  a s s e s s  with  any g r e a t  degree of accu racy .  
E l e c t r i c a l /
32 •
E l e c t r i c a l  r e a c t io n s  are of l i t t l e  help  in  a s s e s s in g  
deg rees  of  recovery .
Group C. Cases 12 -  24 . (aged 5 years  t o  A d u l t ) .
See F ig . 2-.
E a r ly  reco rds  of these  cases  were not very h e lp fu l  
w ith  regard  t o  i r r i t a b i l i t y ,  sequence of muscle recovery  
e t c .  I t  is proposed,  t h e r e f o r e ,  only to  summarise t h e i r  
c l i n i c a l  c o n d i t io n  a t  the time of  r e c a l l  fo r  t h i s  
i n v e s t i g a t i o n ,  a s s e s s in g  them as BAD or FAIR.
In  t h i s  group of twelve cases  the r e s u l t  of th ree  
was BAD, one of  these  being  the a d u l t ,  who had been 
t r e a t e d  e lsew here .  These th ree  had f a i r l y  marked 
d i s a b i l i t y  w ith  pronounced c o n t r a c tu r e s  and muscle 
wast ing ;  a l l  had a completely  para lysed  d e l t o i d  muscle, 
and one, a p o s t e r i o r  su b lu x a t io n  of the humerus. Two 
had sensory and vasomotor d i s tu rb a n c e s  of the a f f e c t e d  
hand, and the a f f e c t e d  limbs of a l l  were more than  2n 
ah o r te r  than  normal.  E x tens ion  of the elbows was 
l im i te d  by 50° -  55°,  and th e re  was no e f f e c t i v e  
su p in a t io n  of the  forearm. A l l  th ree  had an extremely 
obvious p o s t e r i o r  d i s l o c a t i o n  o f  the r a d i a l  head.
In nine with  a FAIR r e s u l t ,  f u n c t io n  was good on
t h e /
O U O  C A S e  O F  S R B ’ S  P a R A F Y S / S  ( R )  
W I T H  O l S U O C  A T I  O M  O F  T H E .  R A D I A L  
H E A D  —  A C ) E . O  6 V R S .
The r i g h t  f o r ea r m  shows maximal  s u p i n a t i o n  which i s  
c o n s i d e r a b l y  l e s s  t h a n  90° .  The r i g h t  elbow i s  
f u l l y  e x t e n d e d .  The prominence on the  l a t e r a l  s i d e  
of  t he  r i g h t  e lbow is t he  d i s l o c a t e d  r a d i a l  head .
the  whole, e s p e c i a l l y  t h a t  of  the  shoulder  muscles .
The p r i n c i p a l  d i s a b i l i t y ,  t h a t  of  which the  p a t i e n t s  
complained, was the  sem i- f lexed  elbow and the i n a b i l i t y  
t o  sup ina te  the forearm to  any e x t e n t .  In  order  to  
b r i n g  the hand palm-upwards the arm had to  be abducted,  
e x t e r n a l l y  r o t a t e d  and f lexed  a t  the sh o u ld e r ,  a very  
awkward s e r i e s  of  movements. Those p a t i e n t s  whose 
r i g h t  arms had been a f f e c t e d  had t a u g h t  themselves to  
become l e f t - h a n d e d  fo r  a l l  f ine  movements.
S h o u ld e r s*- i n  f iv e  ca ses  the  p rev io u s ly  p ara ly sed  
muscles were normal,  two of  these  had s l i g h t  
c o n t r a c tu r e s  of the non-para lysed  muscles .  In  
f o u r ,  the p rev io u s ly  para lysed  muscles were s l i g h t l y  
weak and two o f  these  had c o n t r a c tu r e s  of the 
unparalysed  groups.  Abduction v a r ie d  from 60° to  
f u l l  and e x t e r n a l  r o t a t i o n  from 100° to  f u l l .
Elbows*- Biceps and b r a c h ia lis  were weaker in a l l  ca ses  
than one would have expected, considering the recovery  
of the shoulder m uscles. Triceps showed a varying  
degree of contracture, none was very severe .
L im i ta t i o n  of  ex ten s io n  v a r ie d  from 20° to  50°.  
L im i ta t io n  of f l e x io n  v a r ie d  from f u l l  t o  15°.
Capsular contractures appeared to  be present in  a l l  
c a s e s . /
35.
c a s e s .
F o r e a r m s C o n t ra c tu re s  of the p ro n a to r s  were p re se n t  
in  a l l  c a se s  though in  vary in g  d eg ree .  Active 
s u p in a t io n  v a r ie d  from 10° t o  85°, m a jo r i ty  about 
700.
Passive s u p in a t io n  v a r i e d  from 35° to  95°,  m a jo r i ty  
about 85°.
Movements of the hands, vasomotor c o n t r o l  and 
s e n s a t i o n  were normal in  a l l  c a s e s 1, and a l l  the 
r a d i a l  heads c l i n i c a l l y  were d i s l o c a t e d .  The 
a f f e c t e d  arms were from to  l^r" s h o r t e r  than 
normal.
I t  shou ld  be noted in  the  FAIR ca ses  of t h i s  
group t h a t  biceps and b r a c h i a l i s  are s t i l l  n o t ic ea b ly  
weak, t h a t  a c t i v e  and pass ive e x ten s io n  o f  the elbow 
and a c t iv e  and pass ive s u p in a t io n  are yet more l im i te d  
than in the younger age groups.
Group P .  Cases 25 -  27 . (Aged 6 years  -  7 y e a r s . )
These cases  were t y p i c a l  FAIR r e s u l t s .  They 
were opera ted  upon p r io r  to  the  i n v e s t i g a t i o n  and the 
abnormal r a d i a l  heads removed. The r e s u l t s  were 
d i s a p p o in t in g  in  t h a t  the re  was no improvement in  
e x t e n s io n /
36 .
e x te n s io n  of the elbow and only about 5° of improvement 
in  su p in a t io n .
Summary of R e su lt in g  d i s a b i l i t y .
Tt w i l l  be seen from the fo rego ing  c l i n i c a l  n o te s  
t h a t  the  c o n d i t io n  r e s u l t s  in  the fo l low ing  sequence 
o f  d i s a b i l i t i e s  in  ca ses  in  whom muscular recovery  has 
been good on the whole.
Group A> 7 weeks -  7 months ( a t  age of d iscovery  of 
d e fo rm i ty ) .
At t h i s  age p a r a l y s i s  i s  s t i l l  p r e se n t  so t h a t  
l i m i t a t i o n s  o f  pass ive  movement only can be e l i c i t e d .
Passive  ex ten s io n  of elbow -  l im i t e d  by 15 -  20°
and g ra d u a l ly  becoming 
more l i m i t e d .
Passive s u p in a t io n  -  F u l l  a t  f i r s t  bu t  g ra d u a l ly
d ec re a s in g .
Group B. 1 year -  3 years .
Passive extension  of elbow -  becoming l im ited  up to
20 -  25°.
Active " “ " becoming lim ited  up to  20
25°.
P a ss iv e /
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Passive supination  -  about 100° and gradually
decreasing.
Active supination  -  l e s s  than 90° and gradually
decreasing .
Group C. 5 years upwards.
Passive ) Extension o f  elbow becoming lim ited  by as
\ o
Active ' much as 30 -  40 .
P lex ion  becoming lim ited  by 15° or so .
Supination becoming more and more lim ited  down to  5°
to  20° o f  movement.
fhe A dult.
Passive )
) Extension of elbow -  g ross ly  l im ite d .  
Active )
Plexion markedly l im ited .
Act ive }
J Supination p r a c t ic a l ly  n i l .
Passive *
2 * QPEBATIVB DESCRIPTION
The fo llow in g  are the operative appearances of  
the a ffe c te d  elbow j o in t s  applying to  cases 25, 26 and 
27. (Group D )• A l l  three were e s s e n t ia l ly  the same#
aspedt, exposing the ra d ia l head and cap ite llum . The 
orbicular ligament was present but was th in , stretched  
and attenuated . The o r ig in a l  e a p ite l la r  a r t icu la r  
surface o f  the ra d ia l head faces  p o ste r io r ly  and upwards, 
(the forearm i s  semi-pronated). A new a r t ic u la r  fa ce t  
has formed on i t s  anterior aspect and th is  a r t ic u la t e s  
with a deformed cap ite llum , the la t t e r  concave where i t  
a r t ic u la te s  with the radius*
c le a r ly  shows the concave cap itellum  and the new facet 
on the side o f  the ra d ia l  head*
The elbow j o in t  has been opened on i t s  la te r a l
* The r a d ia l head has been removed. This
\  „
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3. RAD IOLOGIC AJL DjteGRIPTION.
An endeavour has been made to  i l lu s t r a t e  
representative  f ilm s of each year of age in order to  
show the development of  the deform ities  u n t i l  growth 
i s  complete. Considerable pains were taken by the 
r a d io lo g is t s  to  photograph the two arms and forearms 
in  the same p o s it io n  and at the same distance from the 
tube. Th is is by no means easy with these in fan ts  
and young ch ild ren , who strongly  resent attempts at 
passive movement, and, in some few ca ses ,  i t  was found 
to  be p r a c t ic a l ly  im possib le .
An e s s e n t ia l  part of  the f ind in gs to be e luc idated  
la te r  is  that the up^er one fourth of the ulna of the  
a ffe c ted  side i s  curved to a variable degree. As 
t h i s  curvature i s  an exaggeration of the normal and is  
so near the proximal end of the bone i t  i s  not at a l l  
obvious even on comparison of the two la t e r a l  views and 
can very e a s i ly  be missed. Superimposition of f ilm  
negatives i s  necessary to  enable a c lose  comparison 
of the two forearms to be made. In t h is  th e s is  
contact p r in ts  of one or other la t e r a l  view have been 
reversed in order to approach as far as possib le  th is  
requirement. This i s  e s s e n t ia l ,  as, in the youngest 
ca ses ,  l i t t l e  abnormality is  immediately evident i f  
th e /
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the radiograph of only the abnormal limb is  stud ied .
The curvature can be demonstrated in two ways:-
(1 ) .  By superimposing the film s of the la t e r a l  views
of the a f fe c te d  and normal ulnae (provided these have 
been taken in the same p lane), so that the o u tl in e s  
of the troch lear  notches co in c id e . This has been 
done in each case and the accompanying lin e  drawing 
i s  a trac in g  of the ulna o f  the a f fe c te d  forearm 
(continuous l in e s )  superimposed on that o f  the normal 
forearm (dotted l i n e s ) .
(2 ) .  By measuring the angle between a l in e  jo in in g  the 
centre of the d i s t a l  end of the shaft of the ulna with 
the centre of the olecranon process and a l in e  .joining  
the two ap ices  of the trochlear notch. The r e su lt in g  
angle on the a ffe c ted  side i s  always considerably l e s s  
than that on the normal s id e .  See F ig . 4 .
The term "metaphyseal l i n e ” w i l l  be used to denote 
the extreme l im it  of the shadow of the o s s i f ie d  
metaphysis•
In the radiographs of some of the older cases  
the ax is  of movement o f  the radius on the ulna, which 
runs from the centre of the rad ia l head to  the rad ial  
side of the ulnar s ty lo id  process, has been drawn in .
Alt erat io n s /
FIGURE. 4 ,
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2-.  S u P g W l M P O g E D  R a O i o q ^A a PHJS.
M E T H O D S  O F  M E A S U R I N G  THG EXAC>C5e R « T i O M  OR 
THE NORMAL.  C u r v e  o f  t h e  P R O X I M A L .  P o u R T H  
o f  THE O L M A .
•A lteration s  in i t s  p o s it io n  re la t iv e  to  the 
in terosseou s border o f  the ulna on the a f f e c t e d  side 
should be noted.
CASE ONE#
7 weeks o ld . L eft  Brb*s p a r a ly s is .
L at. ^iew* Ulna. Exaggeration of the normal 
curvature of tbe upper fourth .
Radius. Broadening o f  proximal 
r a d ia l  metaphysis and adjacent s h a f t ,  
('blubbing”) .
P.A. View* Ulna. Normal.
Badius. Clubbing of proximal ra d ia l  
metaphysis, e s p e c ia l ly  on i t s  medial s id e .
Line Drawing: Superimposed troch lear notches of
ulnae o f  normal and paralysed limbs 
show exaggeration of normal curvature 
in  the upper fourth of the ulna of the 
a f fe c te d  s id e .
C a s e  o n e
N o r m a l .
N o r m a l
CASES TWO*
2 months old .  Right lSrb*s p a r a l y s i s  
L a t . View: Ulna^ Curvature a s  b e f o r e .
R ad ius . Proximal metaphysis  and s h a f t  
c lubbed, with  f l a t t e n i n g  of  the a n t e r i o r  
p a r t  of the  metaphyseal  l i n e .
P.A. View: Rad ius . Proximal metaphysis  c lubbed,
e s p e c i a l l y  on i t s  m edia l  a s p e c t .
Roth bones sm alle r  than  normal in  a l l  
d imensions.  The a f f e c t e d  c a p i t e l l a r  
e p ip h y sea l  c e n t re  i s  sm alle r  th an  on 
t h e  normal s i d e .
Line Drawing; Curvature as  b e fo re .
CASE. TWO
4-7.
4 8 .
P.A t  Views
CASS THREE, 
months o ld .  L e f t  Brb*s p a r a l y s i s .
U lna . Curvature as b efore .
Had i u s . Proximal metaphysis and s h a f t  
markedly clubbed.
Hadius. Prxoimal metaphysis  s l i g h t l y
c lubbed.
Hotb bones s l i g h t l y  sm a l le r  th an  normal 
in  a l l  dimensions,  e s p e c i a l l y  a t  t h e i r  
d i s t a l  ends.
: Ulnar cu rva tu re  no t  so marked as
in  Cases 1 and 2
49.
N o r m a l ..
N o r m a l .
case f i v e :
7 months o ld .  L e f t  Erb*s p a r a l y s i s .
I& LxJLLs m * Ulna* Cu rvature as b efore .
B ad ius . Proximal r a d i a l  metaphysis  
and s h a f t  clubbed, a d i s t i n c t  notch 
i s  p resen t  in  the a n t e r i o r  a spec t  of 
the metaphyseal l i n e .  The p o s t e r i o r  
p a r t  of the metaphysis i s  a t  a more 
proximal l e v e l  than  normal*
Sadi.ua. Proximal i a d i a l  metaphyseal 
l in e  appears  t o  be ob l ique .  This 
appearance i s  due to  the no tch ing  in  
an a n t e r o - p o s t e r i o r  d i r e c t i o n ,  the 
postero-medial p a r t  of the metaphysis 
being  a t  a more proximal l e v e l  than  the 
a n t e r i o r  a s p e c t .
Both bones are smaller than normal in  
a l l  dimensions.
Line Drawing: Ulnar curva tu re  as  before .
Head of rad iu s  -  f in d in g s  d e t a i l e d .
CASE F I V E
51.
NORMAL
p a r a l y s e d .
P o s r e ? H i o «  P *  AT­
O P  N e r ^ P M Y S I S
/vorcH
M s r ^ p H Y s i s .
N o r m a l P A R A L Y S E D .
CASE SIX.
3 months o ld . Left Brb#s p a r a ly s is .
Lat. Views Ulna. Curvature as before but nore 
exaggerated.
Radius. Proximal metaphysis and 
adjacent sh aft  clubbed. Radial neck 
bent p o s te r io r ly .  Shaft has sw ive lled  
p o ste r io r ly  about the in fe r io r  radio* 
ulnar j o in t ,  r e su lt in g  in  the proximal 
metaphysis being more p oster ior  than 
normal.
Radius appears too long, r e la t iv e  to  
the ulna.
> Radius. Proximal metaphysis clubbed.
53.
n o r m a l
p a r a l y s e d
Normal.
CASE BIGHT.
1 yr . 11 mths. o ld . Bight Brb*s p a r a ly s is .
Lat. View: TJlna. Well marked curvature.
BadJLua. Metaphyseal l in e  markedly 
oblique and upper shaft  thickened.
The upper r a d ia l sh a ft  i s  d isp laced  
backwards due to  " sw iv e ll in g ” as 
b efo re ,resulting in the abnormally 
p osterior  p o s it io n  of the p oster ior  
part of the metaphysis. The 
metaphysis is  at a more proximal l e v e l  
than normal making t h i s  bone appear too  
long.
P»A» View: Metaphyseal l in e  i s  abnormally oblique
for the same reasons as in  Case 5 .
55.
CASE E1QHT.
Pa r a l y s e d .
P a r a l y s e  d Normal
CASE NIMS.
2 yrs . 5 mths. old . Left Erb»s p a r a ly s is .
Lat. ^iew; Ulna. Curvature as b efore .
Radius. Clubbing of metaphysis and 
upper s h a f t .  Eetaphyseal l in e  oblique 
and at a more proximal l e v e l  than normal.
lo t h  bones smaller than normal in a l l  
dimensions.
(P«A* View: U nsatisfactory  owing to  lim ited  su p ination .)
57.
NORMAL.
P a r a l y s e d .
58.
CASS TBN.
3 yrs, old* Left Erb*s p a r a ly s is .
Lat* View; Ulna. Curvature upper fourth as b efore .
A curvature of the d i s t a l  th ird  in the 
opposite d ir e c t io n  i s  p resen t.
Ra d iu s . Obliquity of metaphyseal l in e  
and clubbing of metaphysis. Radial 
sh a ft  p o s te r io r ly  sw iv e lled . Metaphyseal 
l in e  at a higher and more poster ior  l e v e l  
than normal. Radius therefore appears 
too long. The ca r ti la g in o u s  ra d ia l head 
i s  subluxated.
The a x is  of movement of the radius on the 
ulna has been drawn in . I t  i s  more 
p o ster io r ly  s itu a ted  than normal and l i e s  
on the in terosseous border o f  the u lna.
The d i s t a l  ulnar curve i s  p a r a l le l  to  the 
disp laced  a x is .
P*A♦ View: Radius. Metaphyseal l in e  appears to  be
oblique for the same reasons as in Case 5. 
B'oth bones are smaller than normal in  a l l  
dimensions, aa i s  a lso  the c a p i t e l la r  cen tre .
CASE. T E N
>59.
M O R M A U
P a r a l y s e  o .
P A R A L Y S E D .
*
N o r m a l .
Lat. View:
£jL^..yie.w:
CASS TWELVE, 
yrs . o ld . Loft Brb*s p a r a ly s is .
Ulna. Double curvature as in  the previous  
case .
Radius. Shaft p o s te r io r ly  sw iv e lled .
Radial neck bent p o ste r io r ly  and thickened. 
Metaphyseal l in e  a t  a higher and more 
poster ior  le v e l  than normal. Head 
d is lo c a te d . The l in e  of rad ia l a x is  
l i e s  w e ll  behind the in terosseou s border 
of the ulna and the d i s t a l  ulnar curve is  
p a r a l le l  to i t .
fiadius. Metaphyseal l in e  appears to  be 
oblique for the same reasons a s  in Case 5.
Roth bones smaller than normal in  a l l  
dimensions. The medial epicondylar  
centre has not yet appeared on the a f fe c ted  
s ide..
6).
CASE. T W E L V e
N O R M A L .
W
P A R A L Y S E  D
N o r m a l
CASE FOURTEEN.
6 yrs . o ld . Left Erb*s p a r a ly s is .
$he appearances in  t h i s  case are e s s e n t i a l ly  
the same as in  Case 12 except that the d i s t a l  
ulnar curve i s  le s s  obvious.
c a s e : f o u r t e e n .
63.
normal . P a r a l y s e d .
N o r m a l ,
6 4 .
P.A
CASS SIXTEEN.
7 yrs . o ld . Right Erb*s p a r a ly s is .
. fflew: Ulna. A proximal curve but no d i s t a l
curve, i s  present.
Radius. No poster ior  sw iv e l l in g  of 
s h a f t .  Neck and upper sh a ft  thickened. 
Metaphyseal l in e  ob lique. The small 
con ica l ep iphyseal centre i s  s e t  far back 
on the metaphysis.
Head only subluxated.
Radial ax is  i s  p r a c t ic a l ly  in the normal 
p o s it io n .
* y iew s Radius* The p oster ior  beiclng o f  the 
neck i s  obvious.
Both bones smaller than normal in a l l  
dimensions.
65.
c a s e  S i x t e e n .
N O R M A k
N o r m a l  P a r a l y s e d  Pa r a l y s e d .
6 6 .
CASK TWENTY.
8 yrs. old* Eight Erb's paralysis*
T,g>t. Vfftwi Ulna* Proximal curve present as b efore ,  
a ls o  w e l l  marked d i s t a l  curve p a r a l l e l  to  
the ra d ia l a x is ,  which i s  g ro ss ly  d isp laced  
p o ste r io r ly .
Badte. Shaft p o s te r io r ly  sw iv e lled .  
Metaphyseal l in e  ob lique. Neck and upper 
sh aft  much thickened. Small co n ica l  
epiphyseal centre s e t  far back on the 
metaphysis.
Radius appears much too  long, head i s  
completely d is lo ca ted  and a r t ic u la t in g  
with the deformed and f la tte n e d  cap ite llum  
by i t s  anterior su rface .
y ie.Wl ||ad iu s: Head t i l t e d  posteriorly and
s l ig h t ly  l a t e r a l l y .  The epiphyseal centre  
i s  d isc shaped in  t h i s  view and f u l ly  
encompasses the width o f  the metaphyseal 
l in e .
C A S E  T W E N T Y
n o r m a l  p a r a l y s e d
67.
N o r m a l
p a r a l y s e d .
68.
CASE TWENTY-TWO.
10 yrs. old. Bight Erb*s p a r a ly s is .
L at. View: Ulna. Double curve as before . D is t a l
curve not very w ell marked.
Bad las. Shaft p o s te r io r ly  sw iv e lled .
Whole upper th ird  of sh a ft  bent p o ste r io r ly  
and thickened. Ihe ep iphyseal centre of 
the head i s  co n ic a l ,  p oster ior  to  and above 
the normal p o s it io n . The bone appears 
much too long. The ax is  i s  g ro ss ly  d isp laced  
p o ste r io r ly .  ^he ca r t i la g in o u s  head i s  
a r t ic u la t in g  with the capitellum  by i t s  
anterior surface and i s  completely d islotated.
^iftw: U n sa tis fa c to ry ).
C A S E  T W E N T Y - T W O
PARALYSED
N o r m a l
70.
CASS TWENTY-THREE.
15 yrs. o ld . Right Brb*s p a r a ly s is .
Lat. ^ iew : Ulna. Curved a s  in previous c a s e s .
There appears to  be overgrowth o f  the
e x tre m it ie s  of the troch lear notch.
Radius. Posterior s w iv e l l in g  of sh a ft  
p resen t. Metaphyseal l in e  widened, neck 
and upper shaft thickened. Epiphyseal 
centre i s  the shape o f  a truncated cone and 
i s  about to  fuse with the oblique metaphyseal 
l i n e .  The abnormal a r t ic u la r  fa ce t  on the  
anterior surface of the head i s  c le a r ly  seen
as i s  the f la t te n e d  cap ite llum  with which i t
a r t ic u la t e s .  The radius i s  much too long  
and the head g ro ss ly  d is lo c a te d .
P.A. View: The g ro ss ly  deformed ra d ia l  head and
capitellum  are obvious.
7!.
CA5EL T W E N T Y - T H R E E
N o r m a l
p a r a l y s e d
N o r m a l .
P a r a l y s e  d .
CASE TWENTY-FOUR.
Adult. Hight Erbf s p a r a ly s is .
These radiographs show the end r e su lt  of the 
s e r ie s  of ev en ts .
Lat View: Ulna. Curved as before , and the ex trem itie s
of the trochlear notch are again overgrown.
Radius. Head gro ss ly  deformed. The true 
a r t ic u la r  fa ce t  faces p r a c t ic a l ly  p o ste r io r ly  
and the head a r t ic u la t e s  with the f la tten ed  
cap ite llum  by i t s  an terior surface.
P.A. Views The g r o s s ly  deformed rad ia l head and 
capitellum  are w ell shown.
c a s e , t w e n t y - f o u r
P a r a l y s e d .
74.
From t h i s  s e r i e s  of  rad iographs  i t  i s  poss ib le  to  
demonstrate  the  sequence of the  d e fo rm i t i e s  and the 
ages a t  which they  occur .
Account has t o  be taken  o f  the  f a c t  t h a t  d e fo rm i t i e s  
of the ep iphyses ,  while  yet  c a r t i l a g i n o u s ,  do not show 
r a d i o l o g i c a l l y .  ^he shape of the metaphyses,  however, 
g iv e s  a c lue  t o  the  shape of the c a r t i l a g i n o u s  epiphyses 
as does the  shape of th e  ep iphysea l  cen tre  when i t  
e v e n tu a l ly  a p p e a r s .
th e  d i r e c t i o n  and r a te  of growth of  the metaphysis  
Is shown by th e  way in  which the  shape and r e l a t i o n s h i p  
of the metaphyseal l i n e  with the long ax is  of the rad ius  
v a r i e s  with advancing age.
Age and Sequence of Deform ities (Summarised. )
0 - 7  months. In s p l i n t . Oases 1, 2, 3, 5, & 6 .
d e f i c i e n t  growth o f  bones. Small  s iz e  of 
a f f e c t e d  e p ip h y se a l  c e n t r e .
Increased  cu rva tu re  of upper f o u r th  o f  ulna,  obgious a t  
2 - 3  months of  age .
th ic k en in g  o f  upper r a d i a l  metaphysis  g iv in g  i t  a  club 
shape, followed by no tch ing  of i t s  a n t e r i o r  a s p e c t .
^ l i g h t  backward d isp lacem ent  of  upper r a d i a l  s h a f t .
A -zJL-£S.aTS./
1 - 3  y e a r s . S p l i n t  removed.  Cases 8, 9 ,  and 10. 
Curvature  of  upper p a r t  of the  ulna i s  more marked.
A second curve in  the opposite  d i r e c t i o n  develops in  
the d i s t a l  t h i r d  o f  the u ln a r  s h a f t .
Upper r a d i a l  s h a f t  becomes more markedly d isp laced  
backwards and the g r e a t e r  the proximal u lna r  curve the 
more marked i s  t h i s  backward d isp lacem ent ,  
th e  m etaphyseal  l i n e  becomes oblique from before 
backwards and upwards owing to  spreading  of the notch .  
Normally, of course ,  t h i s  l in e  should be a t  r i g h t  angles 
t o  the a x i s  of  the s h a f t .
the  r a d i a l  metaphysis i s  a t  a higher and more p o s t e r i o r  
l e v e l  than  normal,  making the rad ius  appear abnormally 
long .
the  c a r t i l a g i n o u s  head is  sub luxa ted .
the  r a d i a l  a x i s  i s  p o s t e r i o r  to  th e  in te ro sseo u s  border
of the u lna .
4 - 7  y e a r s . Cases 12, 14 and 16.
Ulnar c u rv a tu re s  as b e fo re .
Rad ia l  neck th ickened  and bent p o s t e r i o r l y .
Upper r a d i a l  ep ip h y sea l  cen t re  is  c o n ic a l  in  shape in  
l a t e r a l  views and d is c  shaped in  A.P. views, and i s  
p laced f a r  back on the m etaphysis .  the  upper end of 
t h e /
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the r a d iu s  i s  too  high and f a r  back, g iv in g  the 
impression  t h a t  the rad iu s  i s  r e l a t i v e l y  too long.
The c a r t i l a g i n o u s  head i s  obviously d i s l o c a t e d .
As seen from the o p e ra t io n  photographs,  the 
c a r t i l a g i n o u s  head and the cap i te l lu m  are developing 
abnormal a r t i c u l a r  f a c e t s ,  t h a t  of the cap i te l lum  being 
concave, and t h a t  of the r a d iu s  convex, from side to  
s ide  -  a r e v e r s a l  of the normal order#
8 - 1 0  y e a r s . Cases 20 and 22 .
Ulnar c u rv a tu re s  as b e fo re .
The r a d i a l  head i s  now p o s t e r i o r l y  d i s l o c a t e d .
The abnormal shape of the upper r a d i a l  ep ip h y sea l  cen tre  
i s  more obvious, and the rad ius  appears  to  be much too 
long. R a d io lo g ic a l  evidence of  the deformity of tbs 
ca p i te l lu m  appears .
15 years  - a d u l t  ag e . Cases 23 and 24.
The deformed ep ip h y sea l  c e n t r e s  have become completely 
o s s i f i e d  and are u n i t i n g  with the metaphyses so t h a t  
the  appearances of the elbow of the ado lescen t  of f i f t e e n  
are -almost the same as those of the a d u l t .
The f i n a l  deform ity  is  t h e re fo re  as fo l lo w s ; -  
^ a d i a l  neck th ickened  and angulated  p o s t e r i o r l y .
Radius/
Radius is  ap p a ren t ly  too long in  p ro p o r t io n  to  the 
u lna so t h a t  the upper end l i e s  behind and above the 
c a p i t e l lu m .  A new fa c e t  convex from s ide  to  side 
has developed on the a n t e r i o r  aspec t  of the side of 
the head and a r t i c u l a t e s  with a new concave face t  on 
the ca p i te l lu m .
The o r i g i n a l  a r t i c u l a r  su r face  faces  p o s t e r i o r l y ,  and 
p lays  no p a r t  in  the j o i n t .
The double u ln a r  curves  remain s t a t i o n a r y  and the 
r a d i a l  ax is  remains behind the  in te ro s seo u s  border 
of the u ln a .
7 8 .
7 • HuLGN l iT  g.wiv Q11 Hil. iU* TLIilC.fi 1) X j^ljOCaT IONL .
I t  is  impossible to  summarise the c l i n i c a l  f ind ings  
of these  f iv e  cases  as  the f e a tu r e s  of each are so 
d i f f e r e n t ,  un like  the p o s t e r i o r  type ,
1* CLINICAL,
(&). At f i r s t  v i s i t .
A l l  f ive  cases  showed a t y p i c a l  Erb*s p a r a l y s i s  
a t  t h e i r  f i r s t  v i s i t  and the paren ts  remembered no 
symptoms sugges t ive  of an i r r i t a t i v e  n e u r i t i s .  In 
two ca ses  the accoucheur "had to  b r ing  down an armM, 
(Cases 31  and 32) .  Case 28 was appa ren t ly  a breech 
w ith  7 extended arms, the presumption being t h a t  
aga in  the arms had to  be brought down. Cases 29 and 
3® were both notably  la rge  bab ies ,  and one was overdue. 
Considerab le  d i f f i c u l t y  appears to  have been 
encountered in  a l l  f ive  b i r t h s .
’ Cases 28 and 29 d id  not a t t e n d  or wear t h e i r  
s p l i n t s  r e g u la r ly  and made slow re c o v e r ie s .  Case 
30  remained u n s p l in te d  u n t i l  two years  of age when 
she reappeared with a mild r e s i d u a l  p a r e s i s  of the 
shoulder  abduc to rs  which took a year to  recover 
complete ly .  CaseE 31 an(3 32 made a rap id  recovery 
and/
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and the s p l i n t s  were d isca rded  a f t e r  s i x  months.
tb )• At age o f  discovery of deform ity.
Case 28♦ M. 9 y r s . R t . &rb. R esu l t  FAIR.
L im i ta t i o n  of abduc t ion  and e x t e r n a l  r o t a t i o n  of the 
s h o u ld e r .
3&lbow f l e x i o n  l im i t e d .  Ex tens ion  normal. Sup ina t ion  
l i m i t e d  by 20° .
The r a d i a l  head could be f e l t  s l i p p i n g  in  and out on 
f l e x io n  and ex te n s io n  of the  elbow and on su p in a t io n  
and p ro n a t io n  of the  forearm.
Case 29 . M. 11 y r s . R t .  Krb. R esu l t  BAD.
Gross r e s i d u a l  p a r a l y s i s  of many of the  a f f e c t e d  
muscles with c o n t r a c tu r e s  of t h e i r  opponents. Biceps 
and b r a c h i a l ! s  fu n c t io n in g  f a i r l y  w el l .  R ad ia l  head 
f e l t  d i sp la c e d  a n t e r i o r l y .  F lex ion  of elbow l im i te d  
a c t i v e l y  and p a s s iv e ly  by c o n t ra c tu re  of t r i c e p s .  
Forearm held f i rm ly  p rona ted .  S up ina t ion  10° only .
Case 30. F. 8 y r s . Rt. &rb. Re s u lt  GOOD.
S l i g h t  l i m i t a t i o n  e x t e r n a l  r o t a t i o n  of shoulder due to  
mild c o n t r a c tu r e s  o f  p e c t o r a l s .  Other movements 
p r a c t i c a l l y  normal.
F u l l  f l e x io n  and ex ten s io n  of elbow ac t iv e  and p a s s iv e .  
Bi c e p s /
Biceps and b r a c h i a l i s  normal.
S u p in a t io n  t o  160°.
B a d ia l  head pa lpable  a n t e r i o r l y  and could be rep laced  
in  approxim ate ly  the normal p o s i t io n  by pressure  but 
became d i s l o c a t e d  aga in  as  soon as pressure  was re lax ed .
Case 31 . M. 9 y r s . R t .  &rb. R esu l t  FAIR. 
L im i ta t i o n  o f  abduc t ion  and e x t e r n a l  r o t a t i o n  of the 
sh o u ld e r .
Biceps and b r a c h i a l i s  normal.
F lex io n  of elbow l i m i t e d .  Gross c o n t ra c tu re  of 
p r o n a to r s .  On a c t iv e  f l e x i o n  and ex ten s io n  of the 
elbow the r a d i a l  head could be f e l t  s l i p p i n g  a n t e r i o r  
t o  and in to  the normal p o s i t i o n .
Case 32. F. 9 y r s . L t .  ^ r b . R esu l t  GOOD.
S l i g h t  l i m i t a t i o n  e x te rn a l  r o t a t i o n  of shoulder  due 
to  c o n t r a c tu r e s  of p e c to r a l s .  F u l l  f l e x io n  and 
ex ten s io n  of elbow. Other movements f u l l .
Biceps and b r a c h i a l i s  normal.
R ad ia l  head could be f e l t  s l i p p in g  in  and out of the 
normal p o s i t i o n  on f l e x io n  and ex ten s io n  of  the elbow 
and on s u p in a t io n  and p ron a t io n  of the forearm.
2 .  EADIOliUGICAL DLbCRIFTIQN
The appearances in  a l l  f iv e  a n t e r io r  d i s l o c a t io n s  
a re  e s s e n t i a l l y  the same, the rad iographs  of  two cases  
only t h e r e f o r e ,  have been reproduced.
Case 29 . 11 y r s . M. Rt.  E rb .
Radiographs a t  the  age of four months show:-
Curvature o f  the  upper t h i r d  of the u lna  concave 
p o s t e r i o r l y  ( th e  normal o u t l in e  of the p o s t e r i o r  edge 
of  the ulna i s  s l i g h t l y  convex p o s t e r i o r l y ) .  The 
p ro je c te d  l i n e s ,  d e t a i l e d  on page 4 2 ,  give an increase  
in  the angle of measurement over the normal, a r e v e r s a l  
of  t h a t  found i n  the p o s t e r i o r  d i s l o c a t i o n s .
The r a d i a l  head i s  d i s lo c a t e d  a n t e r i o r l y ,  le av in g  
a wide space between the head and the u lna .
Radiograph a t  the  age of  11 years shows
The abnormal curvature  of the upper t h i r d  of the  
u ln a  is  more obvious.  The rad iu s  appears  too  long.
The head i s  d i s l o c a t e d  a n t e r i o r l y  t o  and above i t s  
normal p o s i t i o n .
The r a d i a l  head i s  sm alle r  than normal and the 
ep iphysea l  cen tre  i s  dome-shaped r a th e r  than  d i s c ­
shaped.
C A S E  T W E N T Y - N I N E .
AT 4  MTHS OF Aqe
A T  11 YRS o f  ACjEL.
C A S E  T H I R T Y - O N E
The appearances  a re  s im i l a r  to  those of Case 29 except 
t h a t  the r a d i a l  head has a more abnormal appearance,  
the ep ip h y sea l  cen t re  being more obviously  dome-shaped.
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8. THEORY OP THE CAUSATION OF THE DEFQHMITIBS«
A. TUB POSTERIOR SUBLUgATIQNS
DISLOCATIONS .
Type o f  case in  which the deformity o cc u rs .
I n  the tw enty-seven  p o s t e r i o r  sub luxa t ions  and 
d i s l o c a t i o n s ,  e ig h te e n  were c l a s s i f i e d  in  the "Fa ir"  
recovery  group, and s i x  were u n c l a s s i f i e d ,  being s t i l l  
under a c t iv e  t r e a tm e n t .  Recent obse rva t ion ,  however, 
i n d i c a t e s  t h a t  th e se  s ix  c a s e s ,  fo l lowing a l t e r e d  
t r e a tm e n t ,  w i l l  e v e n tu a l ly  be e i t h e r  "Good” or on the 
b o rd e r l in e  between "Good” and "Fair." r e c o v e r i e s .
The defo rm ity  i s  l a r g e l y  confined to  cases  in  
whom the  pathology  i s  n e i th e r  mild enough to  a l low  of 
a complete recovery ,  nor severe enough to  allow of 
l i t t l e  or no recovery .  There is  r e s i d u a l  and 
permanent weakness of c e r t a i n  muscles, no tab ly  b iceps 
and b r a c h i a l i s ,  due to  lo s s  o f  nerve supply to  a 
vary ing  number of t h e i r  in d iv id u a l  f i b r e s ,  the remaining 
innerva ted  f i b r e s  e v e n tu a l ly  hypertrophying and 
compensating fo r  t h i s  weakness to  a v a r ia b le  degree .
An/
8 5 .
An Important f e a tu re  of many of these  cases i s  the 
occurrence of an " i r r i t a t i v e  n e u r i t i s "  of the b r a c h ia l  
plexus d a t in g  from b i r t h .  As has been mentioned, t h i s  
is  due to haemorrhage and subsequent inflammatory 
r e a c t i o n  among the f ray ed -o u t  nerve f i b r e s  and a f f e c t s  
the unpara lysed  muscle groups. Pain  and tenderness  in  
the observed ca ses  appear to  l a s t  from one to  two weeks 
but  muscular spasm p e r s i s t s  fo r  a m a t te r  of months•
Cases 1 t o  8 had had a d e f i n i t e  " n e u r i t i s " ,  but regard ing  
the o th e r  c a s e s ,  the p a r e n t s  were i n d e f in i t e  in  t h e i r  
answers concern ing  t h e i r  e a r ly  h i s to ry  and no h e lp fu l  
no te s  had been made in  the case reco rds .
^ince the  a c t u a l  i n v e s t i g a t i o n  began, n in e tee n  cases  
of  Erb*s p a r a l y s i s  have come under obse rv a t io n .  Only 
s ix  of these  showed an i r r i t a t i v e  " n e u r i t i s " .  These 
l a t t e r  a l l  developed signs of sub lu x a t io n  of the r a d i a l  
head and are l i s t e d  as Nos. 1 to  6 in Table 2 .
I t  th e re fo r e  seems l i k e l y  t h a t  t h i s  n e u r i t i s  of 
the p lexus with  the concomitant spasm of the unparalysed 
muscles i s  a f a c t o r  in  the e t io lo g y  of the co n d i t io n .
This hypothesis  i s  in  accord with the f ind ings  of ^ilmour 
(1 9 2 9 ) .
2 . /
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2 • De f  1c 1 e r: t  B q n y Gr ow t  h •
Atrophy i s  a common f in d in g  in  cases  of nerve s e c t io n  
in a growing limb, but the a c tu a l  cause appears to  be 
d o u b t fu l .  Sever (1920) and o ther  au thors  d ism iss  the 
d e f i c i e n c y  in  growth as being "N eurotrophic” .
Le Gros C la rk  (1945) s t a t e s  t h a t  i t  i s  the  opinion 
of most workers t h a t  a t rophy  in  p a r a l y t i c  cases  i s  the 
r e s u l t  of f a c t o r s  o th e r  than  d e s t r u c t i o n  of s o - c a l l e d  
t ro p h ic  ne rves .  Nerve s e c t io n  experiments by Tower 
(1937) tend to  show th a t  bony atrophy i s  the r e s u l t  of 
d isuse  fo l low ing  muscular p a r a l y s i s .
Lewis (1946) s t a t e s  t h a t  i t  i s  unnecessary to  
in troduce  the  idea  of a t r o p h ic  f a c to r  to  ex p la in  a t rophy ,  
and t h a t  the idea  of  vasomotor d is tu rbance  can be 
e n t e r t a in e d  only in  so fa r  as to  s ig n i fy  t h a t  d isuse  
causes  decreased  blood flow, t h a t  i t  i s  s t i l l  unknown 
i f  narrowing of the v e s s e l s  in  d isuse  is  a response 
to  a low c o n c e n t r a t io n  of lo c a l  m e ta b o l i te s  or to  a 
change in  vasomotor tone ,  and t h a t  few t ro p h ic  changes 
can be regarded as  due to  w ithdrawal of  the d i r e c t  
in f luence  of nerve c e l l s  on the a f f e c t e d  c e l l s .
Morison (1938) in  h is  s e r i e s  of B rb fs p a r a l y s i s  
cases could f in d  no changes o ther  than could be accounted 
f o r /
f o r  by d isu se  and diminished blood supply*
Moore (1939),  however, is  of the opinion t h a t  
bony changes are a d i r e c t  t ro p h ic  e f f e c t  of  the nerve 
i n ju r y .  Nerve endings in  close  r e l a t i o n s h i p  with the 
o s t e o b l a s t i c  c e l l s  of  the zone of o s s i f i c a t i o n  in  the 
metaphysis  have been demonstrated by de Castro  (1925) 
and H u r r e l l  (1932) us ing  s p e c i a l  s t a i n i n g  methods, and 
the  l a t t e r  t e n t a t i v e l y  sugges ts  t h a t  the nerve f i b r e s  
and endings so found may be the two ends of  a r e f l e x  
a rc  governing bone growth and main ta inence .
Although i t  i s  the concensus of  opinion t h a t ,  in  
a  growing limb rendered  in a c t iv e  both by muscular 
pa.$Lysis and s p l i n t i n g  combined with e l e v a t io n ,  a t rophy 
is  l a r g e l y  due to  d iminished blood supply ,  i t  seems 
very probable t h a t  in  the s e r i e s  under c o n s id e r a t i o n  
some t ro p h ic  f a c t o r  has p layed a p a r t ,  as d i s p a r i t y  in 
length  and th ic k n e s s  of  rad ius  and u lna and in  s i z e  of  
the c a p i t e l i a r  ep ip h y sea l  cen tre  of  the  normal and 
para lysed  arms has been obvious even in  a case of  two 
months of  age .  (Case 2 ) .  Whatever may be the cause 
of the d e f i c i e n t  growth of the bones, a t rophy  must a l so  
a f f e c t  the pa ra ly sed  and unparalysed muscles and the 
l igaments of the  j o i n t s .  The a t roph ic  condition of 
t h e s e /
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these  t i s s u e s  w i l l  render  them s u s c e p t ib le  to  the 
a c t i o n  of  s t r e s s e s  and s t r a i n s ,  which would not  a f f e c t  
the  growth or s t a b i l i t y  of a normal limb*
3 . F a c to rs  caus ing  ex ag g e ra t io n  of the proximal u lna r  
■ curve*
The e a r l i e s t  a c t u a l  bony deform ity  a p a r t  from 
d e f i c i e n t  growth i s  an ex ag g e ra t io n  of the  normal 
p o s t e r i o r  curve o f  the proximal one- four th  of the ulna 
and I s  found to  be p re se n t  in  c e r t a i n  cases a f t e r  one 
t o  th ree  months* im m obil isa t ion  in  the Fairbank type 
s p l i n t *  I n c i d e n t a l l y  these  ev e n tu a l ly  prove to  be 
the  cases  which develop a su b lu x a t io n .  The increase  
i n  cu rva tu re  i s  no t  obvious c l i n i c a l l y ,  and a t  f i r s t  i t  
i s  only e v id e n t  when the rad iographs  o f  the two forearms 
are  compared, e i t h e r  by super im pos i t ion  of the f i lm s  or 
by measurement.
The th eo ry  now to be propounded sugges ts  t h a t  the 
exaggera t ion  of the normal p o s t e r i o r  cu rva tu re  of the 
upper u ln a  i s  caused by f o r c in g  the upper limb, some 
muscles o f  which a r e  s p a s t i c  and o th e rs  p a ra ly sed ,  in to
a too  f u l l y  c o r r e c t e d  p o s i t i o n  imposed by the use of a 
Fairfcank type of  s p l i n t ,  and comes about in the fo l lowing  
way:-
I n /
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In  ffig. 5 the u lna  i s  considered to  be a n o n - r ig id  
l e v e r ,  i t s  fulcrum (P) i s  a t  the t r o c h l e a ,  and th e re  is  
a p o in t  of r e s i s t a n c e  (R) a t  i t s  d i s t a l  end. Tf a force 
i s  a p p l ie d  a t  r i g h t  ang les  to  the s h o r t  arm, the  leve r  
w i l l  become curved a t  the  fulcrum or a t  a p o in t  in  the 
long arm immediately d i s t a l  to  i t  and w i l l  then  assume 
the same shape as  the u lna  of  the cases  under d i s c u s s io n .
The fo rce  on the s h o r t  arm of the lever  i s  the 
cont inuous s t a t e  of  t e n s io n  of  an unbalanced t r i c e p s ,  
which i s  a t  f i r s t  s p a s t i c  and l a t e r  to n ic  and v o lu i l a r i ly  
c o n t r a c t i n g ,  the  muscles of a baby being in  a s t a t e  of  
con t inuous  movement whether the limb be s p l i n t e d  or no t .
The p o in t  of  r e s i s t a n c e  is  a g a in s t  tbe v e r t i c a l  
limb of the s p l i n t ,  and, as  the f i t  of a s p l i n t  i s  never 
p e r f e c t ,  no m a t te r  how w el l  made, the main t h r u s t  i s  
taken  on the back of the w r i s t  on the d i s t a l  end of the 
u ln a ,  th u s  le av in g  the r e s t  of the  forearm more or l e s s  
unsupported and adding to  the  le n g th  of the l e v e r  and 
consequent ly  i t s  tendency to  bend. There i s  no 
balanced o p p o s i t io n  to  t h i s  force  as b iceps  and b r a c h i a l i s  
are p a r a ly s e d .  Had the b iceps  and b r a c h i a l i s  been 
a c t in g ,  the arm would l i e  in  the  s p l i n t  without s t r e s s ,  
with a s h o r t  l e v e r  a c t i n g  e q u a l ly  a g a in s t  a s h o r t  l e v e r  
i n s t e a d /
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The e f f e c t  of fo rces  on a non - r ig id  lever  comparable 
t o  those  a c t in g  on the  ulna of a p ara ly sed  arm in 
F a i r b a n k s  s p l i n t .
in s t e a d  o f  a  s h o r t  le v e r  opposing a long one.
The c o r r e c t iv e  e f f e c t  o f  fu n c t io n in g  elbow f le x o r s  
i s  much delayed in  these  p a r t i c u l a r  c a s e s ,  and in  f a c t ,  
never becomes s u f f i c i e n t  to  balance the t r i c e p s  complete ly .  
The c l i n i c a l  f in d in g s  in  the o lder  c h i ld  and even in  the 
ad o le sc en t  showed t h a t  the elbow f l e x o r s  had not 
recovered  to  the same degree a s  the  p rev ious ly  para lysed  
shou lder  muscles ,  some in d i c a t i o n  of the r e l a t i v e  s e v e r i ty  
of damage t o  th e  nerve supply to  b iceps  and b r a c h i a l i s .
When the  s p l i n t  i s  f i n a l l y  removed the d i s t o r t i n g  
fo rc e s  d isappea r  but the ulna remains abnormally curved 
and w ith  growth the most acute p a r t  of the curve becomes 
somewhat more d i s t a l .  in fe ren c e  to  the rad iographs  
dem onstra tes  t h a t ,  whereas i n  the in f a n t  and young c h i ld  
the most acute  p a r t  of the  curve i s  a t  or j u s t  d i s t a l  to  
the t r o c h l e a r  no tch ,  in  the o lde r  cases  i t  i s  somewhat 
f a r t h e r  down the  s h a f t .
P a t r i c k  (1946) suggests  t h a t  an u lnar  cu rva tu re
r e s u l t i n g  from Erb*s p a r a l y s i s  i s  due to  the i n f a n t  being
unable to  sup ina te  ahd p ro n a te , thus  lo s in g  the t r a c t i o n
and moulding e f f e c t s  o f  the in te ro s s e o u s  l igam en t .  I t  
seems u n l ik e ly  t h a t  t h i s  ex p lan a t io n  p lays  a major p a r t
in  the c a u s a t io n  of  t h i s  defo rm ity ,  as  normal i n f a n t s ,
se Id om/
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seldom i f  e v e r ,  sup ina te  tbe forearm pas t  90° u n t i l  they 
are a t  l e a s t  old enough to  make pu rposefu l  movements.
In tbe bab ies  who developed a sub lu x a t io n ,  the u lna r  
cu rv a tu re  bad appeared long before  t h i s  ca p ac i ty  had 
been a t t a i n e d ,  and moreover, the cu rva tu re  involves  the 
proximal one fo u r th  o f  the bone, to  which the  in te ro s seo u s  
membrane has no a t tachm en t .  Were t h i s  i n a b i l i t y  to  
pronate  and sup ina te  the cause of the curve, i t  would 
appear in  the f i r s t  Instance a t  a l a t e r  age, and secondly 
the curve would a f f e c t  the p a r t  of the ulna to  which 
the membrane i s  a t t a c h e d ,  i . e .  the d i s t a l  two t h i r d s .
4• ^ a c to r s  cau s in g  s u b lu x a t io n and d i s l o c a t io n  of the 
R ad ia l  head and i t s  a l t e r a t i o n s  i n shape-.
Appleton (1934) in  a la rge  s e r i e s  of experiments 
on the bones of  immature r a b b i t s ,  came to  the fo l low ing  
conclus i o n s ; -
( a ) .  In c rease  in  p ressure  i s  s u f f i c i e n t  to  h inder growth 
of a metaphysis  in  leng th  in  the d i r e c t i o n  of p ressu re .
(b ) .  There i s  evidence to  show t h a t  when a metaphysis  
f a i l s  to  e x h i b i t  i t s  normal growth, as a r e s u l t  of 
p re s su re ,  i t  may develop an excess ive  growth in  a 
d i f f e r e n t  d i r e c t i o n .  Experiments tend  to  show th a t  
t h i s /
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t h i s  overgrowth is  d i r e c t e d  a t  r i g h t  angles  to  the 
d i r e c t i o n  o f  p r e s s u r e .
( c ) .  d u r in g  growth th e re  i s  cont inuous  remodell ing  of 
the  hone s h a f t  as  shown by dye (Madder) experiments  
and the  rem ode l l ing  process  i s  modified by abnormal 
s t r e s s e s  and s t r a i n s .
( d ) .  M o d i f ic a t io n s  of  normal course of growth i n  the 
form of  a  limb bone of hea l thy  animals are  caused 
by the  p e r s i s t e n t  adop t ion  of  p o s tu re s  which f a l l  
w i th in  the  normal range o f  a normal in d iv id u a l .
( e ) .  These m o d i f ic a t io n s  occur only in  immature animals.
Appleton*s f in d in g s  ex p la in  the  changes in  bone 
growth in  t h i s  s e r i e s  throughout tbe age g roups .  The 
f o rc in g  o f  th e  p a ra ly sed  limb of c e r t a i n  cases  of  E r b ' s  
p a r a l y s i s  in to  the  exaggera ted ly  c o r r e c te d  p o s i t i o n  
imposed by the  Fa i rb an k  s p l i n t  g iv e s  r i s e  to  fo rc e s  
which le ad  t o  i n c r e a s e s  in  p ressu re  and a l t e r a t i o n s  of  
p ressu re  p o in t s  on ep iphyses  and metaphyses in  the 
elbow reg io n .  ^hese a re a s  r e a c t  by a l t e r a t i o n  of  t h e i r  
d i r e c t i o n  and speed of growth and evidence t h a t  t h i s  
occurs ,  can be seen r a d i o l o g i c a l l y .
^ben /
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When th e  s p l i n t  i s  a p p l ie d  the fo rces  a t  work are 
those s e t  up by muscular imbalance* Unparalysed muscle 
groups a r e  not only unopposed but a re  a l s o  in  a  slate of 
spasm due t o  b r a c h i a l  p lexus n e u r i t i s ,  so t h a t  t h e i r  
i n d iv i d u a l  a c t i o n  i s  much enhanced* The p o s i t i o n  of 
s p l i n t i n g  adds t o  t h i s  imbalance by s t r e t c h i n g  the  
s p a s t i c  m usc les ,  t o  a cons iderab le  e x te n t  in  the case of 
t r i c e p s  and t o  the  f u l l e s t  c a p ac i ty  in  the case of 
p rona to r  t e r e s .  Ihe a c t i o n  of the  former i n  causing 
the u ln a r  cu rv a tu re  has a l re ad y  been descr ibed  and i t  
i s  now n ecessa ry  t o  cons ider  tbe ro le  of the l a t t e r *
P rona to r  r a d i i  t e r e s ,  b es ides  being  a p ronator  of 
the r a d iu s ,  i s  a l s o  a f l e x o r  o f  the  forearm, and t h i s  
l a t t e r  a c t i o n  comes in to  play a f t e r  f l e x io n  of the  
elbow has been i n i t i a t e d  by b iceps and b r a c h i a l i s .  In 
the para lysed  limb with  the elbow f lexed  and s p l i n t e d  
a t  r i g h t  a n g le s  the  p u l l  of t h i s  muscle, which i s  almost 
in  the long a x i s  o f  the  r a d iu s ,  i s  inc reased  by f u r t h e r  
spasm induced by f u l l  s u p in a t io n  of  the  forearm. I t s  
a c t io n ,  which co n t in u es  throughout  the p e r iod  of  s p l i n t i n g ,  
t h e r e fo r e ,  a c c e n tu a te s  the  o ther  fo rces  a c t i n g  on the r a d i a l  
head by p u l l i n g  the bone in  a  proximal d i r e c t io n *
^he p rogress  o f  the deform ity  can be d iv id ed  in to
two/
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two d i s t i n c t  phases ;  f i r s t l y ,  the  s tage  of muscular 
imbalance in  the s p l i n t ;  and secondly, the s tage  of 
deve lop ing  c o n t r a c t u r e s  a f t e r  the s p l i n t  has been 
removed.
Phase 1. In  the  S p l i n t . When the s p l i n t  is  a p p l ie d ,  
dwing t o  the unopposed a c t i o n  of the s p a s t i c  i n t e r n a l  
r o t a t o r s  of the arm, the re  i s  a co n s tan t  tendency for  
the  arm t o  r o t a t e  m ed ia l ly  and t h i s  movement i s  prevented 
by s p l i n t  p ressu re  on the u lna r  s ide  of  the forearm and 
hand. Ihe e f f e c t  of the  r e s u l t i n g  t h r u s t  of the 
c a p i te l lu m  a g a in s t  the r a d i a l  head i s  inc reased  by a 
converse t h r u s t  of  the  r a d i a l  head a g a in s t  the cap i te l lu m  
caused by the  p u l l  of  p ronato r  t e r e s ,  as a l ready  
d is c u s s e d .  Growth in  a l o n g t i t u d i n a l  d i r e c t i o n  is  
slowed up bu t  con t inues  a t  an enhanced speed a t  r i g h t  
ang les  to  the  d i r e c t i o n  of  p re s su re  so t h a t  the metaphysis  
becomes broadened or c lubbed.  F ig .  6 . At the same 
time or very  s h o r t l y  a f t e rw a rd s ,  under the s t r a i n  of the 
s p a s t i c  t r i c e p s ,  the  upper fo u r th  of the ulna begins  to  
bend, ren d e r in g  th e  two bones of  the forearm d i s ­
p ro p o r t io n a te  in  l e n g th .  P ressure  on the r a d i a l  head 
i s  s t i l l  f u r t h e r  inc reased  by the upward movement of  the 
head a g a in s t  the  ca p i te l lu m  due to  the r e l a t i v e  increase  
i n /
f i g u r e ,  s i x .
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The d i s t a l  end of the humerus i s  r ep re sen ted  with 
the  f o r e a r m  f lex e d  as  in  the  F a i r  bank s p l i n t .  The 
f o r c e s  s e t  up by the  co n s tan t  p u l l  of the i n t e r n a l  
r o t a t o r s  are  shown, and t h e i r  a c t io n  on the r a d i a l  
head .  I n  the  l a s t  f ig u re  the metaphysis  and upper 
s h a f t  are  shown "c lubbed1* due t o  overgrowth a t  r i g h t  
a n g le s  t o  th e  l in e  of p r e s s u r e .
in  the length  of the radius*
As time goes on, p o s t e r i o r  bending of the u lna  
co n t in u es ,  and t h i s  backward movement i s  communicated 
to  the r a d i a l  s h a f t  v i a  the in te ro s se o u s  membrane* The 
upper end o f  the s h a f t  and head are  g rad u a l ly  pu l led  
backwards i n to  l i n e  with the d i s t a l  u lna ,  a movement 
fringing about the d i s t a l  r a d io -u ln a r  . jo in t .  This 
backward and upward movement of  the head r e s u l t s  in  an 
a l t e r a t i o n  of the s i t u a t i o n  of the po in t  of  maximum 
pressu re  from the whole a r t i c u l a r  su r face  of the head 
to  a po in t  a n t e r i o r  to  i t s  c e n t r e .  Growth slows up 
or ceases  beneath t h i s  po in t  but con t inues  on e i t h e r  s ide 
o f  i t ,  causing  a t  f i r s t  a f l a t t e n i n g  and l a t e r  a notch ,  
in  the metaphyseal  l i n e .
^ i t h  cont inued  backward and upward movement of 
the head the po in t  of  maximum pressure  t r a v e l s  a n t e r i o r l y  
and d i s t a l l y  e n la rg in g  the notch in  t h a t  d i r e c t i o n ,  
g iv in g  r i s e  to  the appearance of an oblique metaphyseal 
l i n e .  The p o s t e r i o r  p a r t  of the m etaphysis ,  una f fec ted  
by the notch,  con t inues  to  grow in  an upward and p o s te r i o r  
d i r e c t i o n .  These a l t e r a t i o n s  in  pressure  and al ignment,  
as the  rad ius  grows with course of  t im e,  cause the 
p o s t e r i o r  an g u la t io n  and th ick en in g  of the r a d i a l  neck 
which/
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which  I s  such an  obvious f e a t u r e  of t he  radiographs 
o f  the o lder  c h i ld r e n .  At the same time growth of the 
rounded ca p i te l lu m  i s  a f f e c t e d  by p ressure  and a t  f i r s t  
i t  becomes f l a t t e n e d  and l a t e r  a c t u a l l y  concave. F ig .  7 .
^he combined e f f e c t  of these forces  in  b r ing ing  
about a su b lu x a t io n  i s  enhanced by the abnormal 
m a l l e a b i l i t y  of  the bones* by l a x i t y  of a t ro p h ic  l igaments  
due to  d isuse and poor blood supply, and by p a r a l y s i s  of 
some of these  muscles which a id  in j o i n t  s t a b i l i t y  by 
t h e i r  tone .
Phase 2. A f te r  removal of the s p l i n t . From c l i n i c a l  
obse rva t ion  and examination of the s e r i e s  of radiographs  
a t  d i f f e r e n t  ages  i t  i s  ev iden t  th a t  d i s r u p t i o n  of  the 
rad io -hum era l  j o i n t  goes no f u r th e r  than a su b lu x a t io n  
of the r a d i a l  head while the limb i s  in  the s p l i n t  and 
t h a t  a c tu a l  d i s l o c a t i o n  does not occur u n t i l  t h i s  is  
d i s c a rd ed .  The d i s r u p t io n  process i s  a continuous 
one but the causes of the convers ion  from a sub luxa t ion  
to  a d i s l o c a t i o n  must be sought elsewhere than in  the 
immediate e f f e c t s  of s p l i n t i n g .  Damage to  the head 
and cap i te l lu m  by pressure  cont inues  as  shown by the 
c o n ic a l  shape of the ep iphysea l  cen tre  of  the r a d i a l  
head/
F1G.URE 7.
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head and i t s  p o s te r i o r  p o s i t i o n  on the m etaphysis ,  
in d ic a t iv e  of  i n h i b i t i o n  of growth of  t h i s  c en t re  in 
an a n t e r o - p o s t e r i o r  d i r e c t i o n .
In  t h i s  second phase the limb i s  held with the 
elbow sem i-f lexed  and the  forearm f u l l y  p rona ted .  The 
fo rc e s  a t  work a re  those of muscles and ligaments 
becoming shor tened  by the development of c o n t r a c tu r e s ,  
and a c t  on the r a d i a l  head, which, being sub luxa ted ,  i s  
in  an unstable  p o s i t i o n .
^he p r i n c i p a l  s t r u c t u r e s  and t h e i r  a c t io n s  to  be 
cons idered  in  t h i s  phase are  as  f o l lo w s : -
P rona to r  Teres* Ibe muscle of  the upper limb which 
i s  most a f f e c t e d  by c o n t r a c tu r e ,  not only does i t  hold 
the forearm i n  p rona t ion  bu t ,  the elbow being semi­
f le x e d ,  i t  a l s o  p u l l s  the rad iu s  in  a proximal d i r e c t i o n .
The in te ro s s e o u s  membrane: This s t r u c tu re  has i t s  ro le
reve rsed  and causes the formation of a curve in  the 
d i s t a l  t h i r d  of the u ln a ,  the ulna thus becomes f a r t h e r  
s h o r t e n e d ' and the rad iu s  p ro p o r t io n a te ly  inc reased  in  
le n g th .  The fo l lowing  mechanism i s  exp lana to ry  of t h i s  
a l t e r a t i o n  in  fu n c t io n  of the in te ro s se o u s  membrane.
Ow in g /
Owing to  the p o s te r i o r  d isplacement of the upper 
r a d i a l  s h a f t  and to  the head being p o s t e r i o r  to  i t s  
normal p o s i t i o n ,  the a x i s  of p rona t ion  and s u p in a t io n  
movements of  the rad ius  on the u lna ,  which normally 
runs from the cen t re  of the r a d i a l  head to  the l a t e r a l  
s ide  of  the u lnar  s t y l o i d  p rocess ,  i s  d isp lace d  
p o s t e r i o r l y  and now l i e s  behind the in te ro s se o u s  ridge 
of the ulna in s tead  of immediately in  f ro n t  of  i t  as in  
the  normal forearm. This a l t e r a t i o n  in the p o s i t i o n  
of the ax is  r e s u l t s  in  the membrane being t a u t  on 
s u p in a t io n  in s tead  of on p rona t ion .  F ig .  8 . By 
t h i s  t ime, power has re tu rned  to  some e x te n t  to  the 
su p in a to r  muscles and the c h i ld ,  now being old enough 
to  make purposefu l  movements, a t tem pts  to  pronate and 
sup ina te  the forearm. The fo rces  mentioned by P a t r i c k  
ten d in g  to  mould the in te ro s seo u s  r idge of the u lna  
i n to  al ignment with the r a d i a l  ax is  come in to  p lay .
The in te ro s s e o u s  membrane, which now has i t s  ro le  
re v e r se d ,  t i g h t e n i n g  on s u p in a t io n ,  moulds the d i s t a l  
u lna  in to  l i n e  with the d isp laced  a x i s ,  causing i t  to  
become curved in  the leng th  of the s h a f t  to  which the 
membrane i s  a t t a c h e d .
The fo rces  s e t  up by th ese  major d iv e r s io n s  from 
n o rm a l i ty /
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norm ali ty  a c t  d i r e c t l y  on the r a d iu s ,  p re s s in g  th e  head 
a g a in s t  the c a p i te l lu m ,  caus ing  deformity  of both and 
c o n v e r t in g  the uns tab le  sub luxa t ion  in to  a d i s l o c a t i o n .  
The e f f e c t s  of a l l  these fo rces  on the r a d i a l  head, 
from the age of 7 weeks u n t i l  m a tu r i ty ,  are dep ic ted  
in  F ig ,  9 .
•5* Mechanism compared with th a t  of  a F lexion  Monte,ggia
Fracture.
The causa t ive  mechanism and f i n a l  bony deformity  
of  a p o s t e r i o r  or f l e x io n  Monteggia f r a c tu r e  a re  c lo s e ly  
comparable to  those  of a d i s lo c a t e d  r a d i a l  head due to  
Erb*s p a r a l y s i s  in the older c h i ld ,  t a k in g  in to  account 
the f a c t  t h a t  the former occurs in  a m a t te r  of  seconds 
in  a normal arm but t h a t  the l a t t e r  i s  the r e s u l t  of 
fo rc e s  a c t i n g  oversa pe r iod  of many months on a growing 
arm a l re ad y  weakened by t ro p h ic  d i s tu rb a n c e s .
In  the case of the in ju ry ,  th e re  i s  a p o s t e r i o r l y  
angu la ted  f r a c tu r e  of the upper t h i r d  of the ulna 
combined with a p o s t e r i o r  and upward d i s l o c a t i o n  of the 
r a d i a l  head, A l a t e r a l  radiograph of the elbow and 
forearm in such an in ju ry  shows s i m i l a r i t y  with t h a t  of 
the  ^ rb*s  cases ,  the e s s e n t i a l  d i f f e re n c e  being th a t  
in  the l a t t e r  the u lna r  f r a c tu r e  i s  rep laced  by an 
u l n a r /
FIGURE. 9.
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^iapcramat ic  r e p r e s e n t a t i o n  of the a l t e r a t i o n s  
shape and p o s i t i o n  of the  r a d i a l  head and 
s h a f t  a s  growth p r oc e ed s .
uppe r
ulnar  curvature  and the rad ia l ,  head is  abnormal in  
shape ;  t h i s  sugges ts  th a t  the causa t ive  fo rces  w i l l  
a l s o  be comparable as  i s  found to  be the ca se .  See 
Fig .  10.
The f r a c tu r e  occurs as a r e s u l t  of a f a l l  on the 
hand with the elbow f lex e d  and the forearm pronated .  
T r icep s ,  being under p ro te c t iv e  t e n s io n  a t  the t im e,  
causes  the backward an g u la t io n  of the u lnar  f r a c t u r e ,  
the r a d i a l  head having been levered  forwards out of 
the  j o i n t  by p ressure  on the r a d i a l  s h a f t  by the u lnar  
s h a f t ,  the forearm be ing  in  f u l l  p rona t ion  and the 
bones c rossed ,  i s  then  d i s lo c a t e d  p o s t e r i o r l y  by the 
in te ro s se o u s  membrane p u l l in g  the upper r a d i a l  sh a f t  
p o s t e r i o r l y  in to  l in e  with the d i s t a l  two t h i r d s  of the 
u ln a r  s h a f t  t o  which i t  is  a t t a c h e d .  (Evans 1949).
The s i m i l a r i t y  between t h i s  mechanism and th a t  
p o s tu l a t e d  as  causing  the  d i s l o c a t i o n  in  the Erb*s 
ca se s  i s  ev ident  from Table 4 .
6• Fa c to r s  caus in g  l i m i t a t i o n  of movement of the 
elbow j o i n t  and the forearm.
Causes of l im i te d  movements f a l l  under th ree  
heads»-
( a ) .  Muscular Residual  p a r a l y s i s  or p a re s i s  of 
o r i g i n a l l y  para lysed  groups.  C on trac tu res  of 
unpara ly sed /
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Compar ison  w i th  a F l e x i o n  Monteggia  f r a c t u r e .  The 
pr oxirnal  pas  i t  i on  of t he  r a d i a l  e p i p h y s i s  i n d i c a t e s  
s h o r t e n i n g  of  t he  u l n a .  There i s  p rob ab ly  an 
e l emen t  o f  overgrowth i n  the E r b fs c a s e s  a l s o .
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unparalysed  groups.
( b ) .  Ligamentous -  C o n t rac tu re s  of l igaments  and 
j o i n t  ca p su le s .
( c ) .  Bony deformity and mal~alignment.
Most a r t i c l e s  on Erb*s p a r a l y s i s  mention t h a t  
l i m i t a t i o n  of ex ten s io n  of the elbow and of  s u p in a t io n  
of the forearm i s  a common f in d in g  in cases  showing a 
f a i r l y  good recovery ,  and the theory  i s  put forward t h a t  
t h i s  i s  due to  muscular c o n t r a c tu r e s .  In ca ses  with 
a su b lu x a t io n  or d i s l o c a t i o n  of the r a d i a l  head t h i s  
theo ry  i s  reasonable  as regards  p rona t ion  and s u p in a t io n ,  
as  c o n t r a c tu r e s  of the p ro n a to rs  undoubtedly occur.  As 
reg a rd s  elbow movements, muscular c o n t r a c tu r e s ,  being 
confined  to  the unparalysed groups,  can only a f f e c t  
t r i c e p s ,  an unparalysed  muscle, and cause l i m i t a t i o n  
of f l e x io n .  Extens ion  of the j o i n t  must, t h e r e f o r e ,  
be l im i te d  e i t h e r  by sho r ten ing  of  the a n t e r i o r  cap su le ,  
by bony deform ity ,  or by both  to g e th e r .
E x tens ion  o f  -Elbow. In the youngest case of the s e r i e s  
(7 weeks old) no c o n t r a c tu r e s  were p resen t  in  any 
muscle or j o i n t  capsule  and yet ex tens ion  o f  the elbow 
was qu i te  obviously l im i te d .  C l i n i c a l l y ,  pass ive 
exte n s io n /
e x t e n s i o n  was smooth b u t  s ud de n ly  and without warning, 
s topped sh o r t  o f  f u l l  ex ten s io n ,  a f in d in g  t y p i c a l  of 
a bony b lock .  Owing to  the curva tu re  of the  u ln a ,  the  
o lecranon process had locked in the olecranon fossa  of 
the humerus before the forearm was in l i n e  with the upper 
arm.
In  the older c h i ld  t h i s  f l e x io n  deform ity  remains 
unchanged, but c o n t r a c tu r e s  of l igaments are developing 
elsewhere and so the a n t e r i o r  capsule of the j o i n t  
accommodates i t s e l f  by c o n t r a c t io n ,  so t h a t  c l i n i c a l l y  
the s ig n s  of a bony block a re  l o s t  and f u l l  passive 
e x te n s io n  i s  now prevented by an e l a s t i c  r e s i s t a n c e .
At the same time, in cases  where the r a d i a l  head is 
g r o s s ly  d i sp lace d  upwards and backwards, the head locks 
ag a in s t  the bac£ of the c a p i te l lu m  of the humerus before  
f u l l  ex ten s io n  can occur.  F ig .  11.
Suo ina t ion  o f  forearm. Loss of su p in a t io n  i s  due to  
the th ree  f a c t o r s  in  vary ing  p ropo r t ion  acco rd ing  to  
the age of the c h i l d .
In  the in f a n t  s t i l l  under t r ea tm en t ,  a l though the re  
i s  an u lna r  cu rv a tu re ,  gross displacement of the r a d i a l  
a x i s  has not yet occurred ,  nor has the r a d i a l  head 
d i s l o c a t e d /
no.
FIGURE. \\.
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To show how the exaggerated curve of the upper t h i r d  
of the ulna causes premature locking of the olecranon 
process in  the olecranon fo ssa  of the humerus. The 
d i s l o c a t e d  r a d i a l  head a l s o  locks ag a in s t  the back of 
the cap i te l lu m  in the o lder  c h i ld .
d i s l o c a t e d  s u f f i c i e n t l y  to  cause a bony b lockage.  There 
a re  a s  yet no muscular or ligamentous c o n t r a c tu r e s ,  
pass ive su p in a t io n  i s  th e re fo re  almost normal, but  a c t iv e  
su p in a t io n  i s  prevented by the p a r a l y s i s  of the s u p in a to r s .
In  the  c h i ld  of 2 -  4 years  passive su p in a t io n  i s  
u su a l ly  more than  90°.  This l i m i t a t i o n  i s  due to  
commencing d isp lacement of the r a d i a l  a x i s ,  so t h a t  the 
i n t e ro s s e o u s  membrane tends to  become t a u t  on su p in a t io n ,  
and to  commencing c o n t ra c tu re  of the p ronator  muscles .
In  the o lder  c h i ld  l i m i t a t i o n  i s  much more marked 
and i s  u su a l ly  cons iderab ly  l e s s  than  90°. The r a d i a l  
ax i s  i s  now d e f i n i t e l y  d isp laced  backwards, the  i n t e r ­
osseous l igament t ig h t e n s  on su p in a t io n ,  and the  
d i s l o c a t e d  r a d i a l  head prdoably locks a g a in s t  the  u lna .  
C o n t ra c tu re s  of  the pronato r  muscles are e s t a b l i s h e d .
I t  i s  obvious t h a t  mere removal of the d isp laced  r a d i a l  
head as was done on th ree  occas ions ,  would have l i t t l e  
e f f e c t  on these  l i m i t a t i o n s  of movement. A summary of 
the f a c t o r s  l i m i t i n g  movement i s  g iven in  Table 5 .
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1 1 3 .
THEORY OF THE CAUSATION OF THE DEFORMITIES.
B. THE ANTERIOR DISLOCATIONS.
In  some few papers  on Brb*s p a r a l y s i s  the f a c t
t h a t  an a n t e r i o r  d i s l o c a t i o n  o f  the r a d i a l  head i s
o cc as io n a l ly  found as a com plica t ion  i s  mentioned, and, 
w ith  the  excep t ion  of Thomas (1914) who cons ide rs  b i r t h  
in ju r y  t o  be the cause ,  the e t io lo g y  i s  cons idered  to  
be *contrac ta res*1 or “muscle imbalance” , and th e re  the 
s u b je c t  has been l e f t .  To date  no a t tem pt has been
made to  work out the  t ru e  e t io lo g y  or mechanism of  the
co n d i t io n ,  nor has any d i s t i n c t i o n  been drawn between t h i s  
c o n d i t io n  and the p o s te r io r  su b luxa t ion  and d i s l o c a t i o n .
I t  w i l l  be seen from the fo l lowing t h a t  the e t io lo g y  
of  t h i s  deform ity  i s  t o t a l l y  d i f f e r e n t  from th a t  of the 
p o s t e r i o r  su b lu x a t io n s .
1. The occurrence of an i d e n t i c a l  type of a n t e r i o r  
d i s l o c a t i o n  has been desc r ib ed  in  cases  in  which the re  
has been no p a r a l y s i s  or o the r  cause.  (Mc.Farland 1936, 
White 1943, Bindman 1945), and has th e re fo re  been termed 
a “C ongen i ta l  d i s l o c a t i o n  of  the Rad ia l  head” . The 
p o s t e r i o r  type has only been d escr ibed  in  connec t ion  with 
£ r b * s /
1 1 4 ,
l-;r b f s pa ra ly s is*
2. From t h i s  survey p o s te r i o r  sub luxa t ions  and 
d i s l o c a t i o n s  a l l  occur in  the same type of Erb*s 
p a r a l y s i s ? one in which the re  i s  a pathology of 
medium s e v e r i t y ,  probably with b r a c h i a l  plexus 
" n e u r i t i s ” and a s s o c ia t e d  muscle spasm and slow and 
incomplete recovery e s p e c i a l l y  of the elbovv f l e x o r s ,  
n e c e s s i t a t i n g  a long period  of s p l i n t i n g .  Be i t  
no ted ,  each and every case had been s p l i n t e d .  In 
the  small  s e r i e s  of a n t e r io r  d i s l o c a t i o n s ,  however, 
t h i s  s i m i l a r i t y  of f e a tu re  does no t  occur.  Two cases  
hard ly  wore t h e i r  s p l i n t s  a t  a l l ,  one was not s p l i n t e d  
u n t i l  two years of ag e ,  and two made q u i te  a good 
recovery in  s ix  months,
3* The abnormal r a d i o l o g i c a l  appearances of the bones 
in  the a n t e r i o r  d i s l o c a t io n s  are e s s e n t i a l l y  the same 
in  the baby of four  months and the c h i ld  of e leven  years ,  
but  in  the p o s te r io r  type the appearances vary 
accord ing  t o  age,  in d ic a t in g  t h a t  the former l e s i o n  
i s  of  sudden occurrence and i s  p r a c t i c a l l y  u n a l t e r e d  
by a n d ‘ independent of growth fac to r  s while in  the 
l a t t e r ,  growth e n t e r s  la rg e ly  in to  the e t i o lo g y .
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4# Case 27 (see Tatife 2) whose radiographs at four 
months of age are reproduced, had a marked anterior  
d is lo c a t io n ,  yet the sp l in t  provided was not used, 
nor was any other treatment given.
These fa c t s  show that s p l in t in g  or other treatment 
for the assoc iated  para lys is  can be exonerated as a  
causative factor in anterior d i s lo c a t io n s .  On the 
other hand, as numerous cases have been described as an 
i so la ted  condition without obvious cause, neither the 
p a r a ly s i s ,  hypothetical contractures nor muscle imbalance 
can be blamed*
This anterior d is lo c a t io n  has been described as 
"Congenital0, but in view of the fact  that instances  
occur in assodation with an £rb fs para lys is  i t  appears 
more l i k e l y  that the e t io lo g y  of the two conditions i s  
s im i la r ,  namely b irth  injury.
The theory to be presented suggests that t ra c t io n  
on the hand and forearm, which in some cases ,  in conjunction  
with f l e x io n  and rotat ion  of  the head to the opposite  
side during b ir th ,  causes an £rb*s p ara lys is ,  is  
responsible for the anterior d is lo ca t io n ,  the mechanism 
being s im ilar  to that of the traumatic subluxation of  
th e /
the r a d i a l  head or *pu l led  elbow" of young ch i ldren*
In t h i s  c o n d i t io n  the c h i ld  f a l l s  while he i s  being  led 
by the hand, i s  .jerked to  h is  f e e t  aga in  by the same arm, 
and the r a d i a l  head is pu l led  p a r t i a l l y  or completely 
out of  the o r b ic u la r  ligament and t h e r e a f t e r  may be f e l t  
t o  be abnormally prominent a n t e r io r ly *  "Fu l led  elbow" 
is  a l so  suggested  as a poss ib le  e t io lo g y  by White (1933) 
d e s c r ib in g  a  case of "Congenita l  d i s l o c a t i o n  of the 
R ad ia l  Head*1. He sugges ts ,  however, t h a t  the in ju ry  
occurs dur ing  e f f o r t s  a t  r e s u s c i t a t i o n  of the baby*
This i n ju r y ,  occurr ing  dur ing  b i r t h ,  r e s u l t s  in  the 
r a d i a l  head ly in g  a n t e r i o r  to  the now empty o rb ic u la r  
l igam en t ,  which col lapses  and forms a pad or d i s t a n c e -  
piece between the two bones, holding them a p a r t  under 
tension* T^e ulna becomes curved a n t e r i o r l y  in  an 
a t tem pt  to  overcome t h i s  s t a t e  of tens ion  but in  so 
doing becomes p ro p o r t io n a te ly  s h o r te r  than  the  rad iu s  
so t h a t  in course of  time the r a d i a l  head l i e s  both 
a n t e r i o r  to  and more proximal to  i t s  normal p o s i t i o n ,  
g iv in g  the impression t h a t  the rad ius  i s  too long* See 
Fj.se* 12 and 13* The r a d io lo g i c a l  appearances of an 
ep ip h y s e a l  centre  sm alle r  than  normal, convex r a t h e r  
t  han/
FIGURE 12,.
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Diagram, to  show how the ulna becomes curved in an 
a n t e r i o r  d i r e c t i o n  by the p u l l  of the in te ro sseo u s  
membrane.
•**
43M
Compar i son be tween the a n t e r i o r  d i s l o c a t i o n  and an 
e x t e n s i o n  Monteggia  f r a c t u r e .  The r a d i a l  head i s  
a t  a more o rox ima l  and more a n t e r i o r  p o s i t i o n  t h a n  
normal  owing t o  t he  s h o r t e n i n g  of  the  u l n a  by i t s  
curve*  The a n t e r * o r  d i s l o c a t i o n  i s  more g r o s s  in  
the f r a c t u r e  as t he  a n g u l a t i o n  i s  g r e a t e r  and fu r t h e  
down the  s h a f t .
119 *
t h a n  concave | a r e  t h o s e  which one would e x p e c t  where 
a r t i c u l a t i o n  with the c ap i te l lu m  has never occurred*
Me.Farland (1936) in  d e s c r ib in g  the removal of 
such a d i s l o c a t e d  head in  f i v e  case s*  mentions t h a t  no 
o r b i c u l a r  l igament was to  be found, thus  suppor t ing  the 
th eo ry  th a t  t h i s  s t r u c t u r e  l i e s  co l lapsed  behind the 
head and in course of  time has become u n id e n t i f i a b l e  as 
a l igam ent .  I t  w i l l  be noted th a t  a t  ope ra t ions  on 
the p o s t e r i o r  d i s l o c a t i o n s  an o rb ic u la r  ligament was 
p re sen t  though s t r e t c h e d  and a t t e n u a t e d .
120«
9 * t r e a t m e n t .
A * THE' POSTERIOR TYPE#
I t  i s  ev iden t  from examination o f  t h i s  s e r i e s  t h a t  
bony deform ity  begins to  appear a f t e r  two to  th ree  months 
o f  s p l i n t i n g ,  and t h a t  the fundamental cause l i e s  in  
f o r c in g  an arm, in  which th e re  i s  t ro p h ic  upse t  and 
imbalance of muscle a c t i o n ,  in to  a p o s i t i o n  of g r e a t  
s t r a i n .  The p rogress  of the deformity  i s  due to  
keeping  the  arm thus  s p l i n t e d  over a long per iod .
The deformity  does not appear in  the MILD cases  
because the re  i s  no i n i t i a l  spasm. By the end of 
two months of s p l i n t i n g  muscle recovery i s  proceeding 
apace,  inc lud ing  t h a t  of  the elbow f l e x o r s ,  and n u t r i t i o n  
of the limb i s  r a p id ly  improving with vo lun ta ry  movement; 
fo r  these  reasons twenty«four hour s p l i n t i n g  i s  no 
longer  r e q u i r e d .
^s  these  f a c t s  came to  l i g h t  dur ing  the 
i n v e s t i g a t i o n  i t  became obvious t h a t  i f  the deformity  
were to  be prevented or i t s  p rogress  checked, an 
a l t e r n a t i v e  method of  t rea tm en t  would have to  be adopted. 
The connect ion  between the e a r l y  "neuritis** and the 
l a t e r /
l a t e r  development of  the deformity  was not a t  f i r s t  
a p p re c ia t e d ,  and, as i t  was not then  known which cases 
would develop sub luxa t ion ,  a l t e r a t i o n s  of t rea tm en t  
had to  be d e fe r r e d  u n t i l  there  was r a d i o l o g i c a l  evidence 
a t  two to  th ree  months. Treatment u n t i l  t h i s  age 
was th e re fo r e  c a r r i e d  out in  the rou t ine  fa sh ion  in 
Fairbank* s s p l i n t .
In  co n s id e r in g  the b e s t  method to a l t e r  the 
t r e a tm en t  once the f i r s t  r a d io lo g i c a l  s igns  had appeared 
i t  was necessary  to  cons ider  the t h e o r e t i c a l  e t io lo g y  
p o in t  by p o in t s -
( a ) .  Moderate damage to  the p lexus .  Operation on 
the plexus in  these  cases  was cons idered ,  but a f t e r  
reviewing the d i s a p p o in t in g  r e s u l t s  in  the l i t e r a t u r e  
and elswwbere t h i s  t rea tm en t  was not considered 
s u i t a b l e  •
(b ) .  ^ e la y  in  recovery of the elbow f l e x o r s .  As 
t h i s  f e a tu re  i s  presumably due to  the type and 
s i t u a t i o n  o f  the damage to  the plexus the same 
o b jec t io n s  as  in  ( a ) , above, held good.
(c)* Upset in  n u t r i t i o n  of  the limb. I t  was 
c ons ide red /
122 *
considered t h a t  from ths po in t  of view of  t rea tm en t  
t h i s  was la rg e ly  due to  d e f i c i e n t  blood supply and 
t i s s u e  oxygenation fo l low ing  prolonged im m obil isa t ion  
and t h a t  the subsequent muscular c o n t r a c tu r e s  were due 
t o  the same causes ,  a f t e r  the fa sh io n  of a mild 
Volkmannf s ischaemic p a r a l y s i s .  The s o lu t io n  appeared 
to  be e a r ly  and f u l l  passive  m o b i l i s a t io n  combined with 
s p l i n t i n g .  ^ a r l y  physio therapy  has not been advocated 
in  the l i t e r a t u r e  from the somewhat t h e o r e t i c a l  f e a r  
of t e a r i n g  the reg e n e ra t in g  plexus and o v e r s t r e t c h in g  
the para lysed  muscles.  T h is ,  however, should not occur 
provided the arm is  not pu l led  downwards with the head 
f lexed  and ro ta t e d  to  the opposite s id e .  No such i l l  
e f f e c t s  have been seen in  the cases  so t r e a t e d  up to  
the p r e s e n t .  On the c o n t ra ry ,  i t  has been found t h a t  
the blood supply has teen  improved and reg en e ra t io n  of 
the plexus enhanced.
(d ) .  The method of s p l i n t i n g .  The p o s i t i o n  enforced 
by the F a i r b a n k s  s p l i n t  appeared to  be qu i te  
u n n e c es s a r i ly  extreme. I n  no other  p a r a l y t i c  co n d i t io n  
does t rea tm en t  c o n s i s t  in  s p l i n t i n g  the limb in such 
a p o s i t i o n  so as to  f u l l y  r e la x  the para lysed  groups 
while s t r e t c h i n g  the unparalysed  ones to t h e i r  f u l l e s t  
e x t e n t . /
1 2 3 .
e x t e n t ,  (This i s  c a r r i e d  t o  an even, more ex t reme 
degree in the t rea tm en t  which is  advocated by some 
au th o rs ,  t h a t  of ty in g  the limb behind the i n f a n t ’s 
head) .
For these  reasons a d i f f e r e n t  type of abduction 
s p l i n t  was evolved. F ig ,  14. This is made to  measure 
of f i b r e  on a p l a s t e r  c a s t  of the in d iv id u a l  baby and 
holds the limb in the fo l low ing  p o s i t i o n : -
Shou lder : Abduction to  90° with the arm s l i g h t l y
f lexed  a t  the shou lder ,  thus holding the humeral 
head in  a s t a b le  p o s i t i o n  in  the g le n o id  fo s s a  
and p reven t ing  sub luxa t ion  of  the J o i n t .
Arm: E x te r n a l ly  r o t a t e d  t o  between 90° and 135°,
in  order to  r e l a x  the te n s io n  of the i n t e r n a l  
r o t a t o r s  and r e l i e v e  p ressure  on the r a d i a l  head.
Bibow: Forearm held a t  45° sh o r t  of f u l l  e x ten s io n  to  
r e l a x  the  t e n s io n  of t r i c e p s  and reduce the 
mechanical  advantage of pronator  t e r e s .
Forearm: Semi-pronated to  r e la x  the pronato r  muscles.
Han d : A shaped hand piece i s  provided with a g u t t e r
fo r  the thumb, a l lowing  of much g r e a t e r  c o n t r o l  over 
t h e /
FlQURE 14., 
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the p o s i t i o n  of  t he  hand t h a n  i n  t he  F a i r b a n k  s p l i n t .  
Dropped w r i s t ,  u lnar  d e v ia t i o n  of  the hand e t c .  can 
be e a s i l y  c o r r e c te d .
The fo l low ing  scheme of prevent ive  t rea tm en t  was 
i n s t i t u t e d  and c a r r i e d  out dur ing  the i n v e s t ig a t io n .
1.  P reven t ive  t r e a t m e n t .
( a ) .  A l l  cases  when diagnosed as Erb*s upper arm 
p a r a l y s i s  were immobilised in  a  Fairbank type s p l i n t  
fo r  the f i r s t  two months.
(b ) .  At two months of age or a f t e r  two months of
s p l i n t i n g  a l l  cases  had both shou lde rs ,  both 
forearms and elbows X-rayed in t ru e  P.A. and L a t e r a l  
v iews.  An accurate  c l i n i c a l  and e l e c t r i c a l
assessment of muscle recovery was a l s o  made a t  t h i s
t im e .
( c ) .  P a t i e n t s  in  whom the e l e c t r i c a l  r e a c t io n s  of 
b icep s  and b r a c h i a l i s  were negative  t o  Farad ic  
cu r r e n t  and /o r  in  whom was p resen t  an u lna r  curva tu re  
w ith  or w ithout  c lubbing or notch ing  of the  r a d i a l  
metaphysis ,  had the a f f e c t e d  arm immobilised in the 
new p a t t e r n  s p l i n t .
( d ) . /
1 2 6 ,
( d ) .  From the  t ime t h a t  t he  s p l i n t  was f i t t e d  t he  
p a ren t  was i n s t r u c t e d  to  put the limb through the 
f u l l  range of movements of a l l  the j o i n t s  fo r  f ive  
minutes t h r i c e  d a i l y ,  s p e c ia l  emphasis being put 
on f u l l  passive ex ten s io n  of the elbow, and f u l l  
su p in a t io n  of the forearm.
These movements were demonstrated on the baby 
in  f ro n t  o f  the mother,  who then  d id  them h e r s e l f  on 
the  c h i ld  so t h a t  one was c e r t a i n  she f u l l y  
unders tood what was req u i red .  The c h i ld  a t tended  
fo r  physio therapy twice weekly t h e r e a f t e r .
( e ) .  A six-weekly  check radiograph was tak en .
( f ) .  The s p l i n t  was worn fo r  tw enty-four  hours u n t i l  
b icep s  and b r a c h i a l i s  were fu n c t io n in g  reasonab ly  
s t ro n g ly ,  t h e r e a f t e r  only a t  n igh t  u n t i l  g en e ra l  
recovery  was w el l  advanced.
2 .  Be s u i t s  to  D ate .
Cases 1 to  6 have been t r e a t e d  in  t h i s  way s ince  
the d ia g n o s i s  of su b lu x a t io n  was made a t  7 weeks, 2 months, 
4 months, 4 months, 7 months and 3 months of age. The 
r e s u l t s  have been very much b e t t e r  than a n t i c i p a t e d  
both from the po in t  of view of checking the defo rm ity ,  and, 
unexpec ted ly /
u n e x p e c t e d l y  enough,  c f  i n c r e a s i n g  the  speed of  r e c o v e r y  
o f  th e  p a r a l y s e d  m u s c le s .
The s h o u l d e r  m u sc le s  o f  a l l  s i x  c a s e s  show a 
c o m p le te  r e c o v e r y ,  a s  do a l l  the  o t h e r  m u s c l e s ,  w i th  
t h e  e x c e p t i o n  o f  the  elbow f l e x o r s  which a re  s t i l l  r a t h e r  
weak. There  a r e  no c o n t r a c t u r e s  of the  u n p a r a l y s e d  g ro u p s  
or  o f  j o i n t  c a p s u l e s .
The p o s t e r i o r  c u r v a t u r e  o f  th e  upper  one f o u r t h  
o f  th e  u l n a  i s  v e ry  much l e s s  e x a g g e r a t e d  and a lm o s t  
f u l l  a c t i v e  and p a s s i v e  e x t e n s i o n  of  th e  elbow i s  p o s s i b l e .  
The u l n a r  cu rv e  has become s u f f i c i e n t l y  normal  t o  p r e v e n t  
p o s t e r i o r  t r a c t i o n  on the  r a d i u s  by the  i n t e r o s s e o u s  
l i g a m e n t  w i th  th e  r e s u l t  t h a t  the  a x i s  o f  movement i s  i n  
th e  no rm al  p o s i t i o n  and a c t i v e  and p a s s i v e  s u p i n a t i o n  a re  
p r a c t i c a l l y  n o rm a l .
The r a d i a l  m e ta p h y s e s ,  however, rem a in  de fo rm ed ,  
p r i n c i p a l l y  due t o  " c l u b b i n g "  and a s  t h i s  i s  one o f  th e  
e a r l i e s t  d e f o r m i t i e s ,  t h e  damage has c e r t a i n l y  o c c u r r e d  
d u r i n g  th e  i n i t i a l  p e r i o d  o f  f u l l  c o r r e c t i o n  i n  the  
F a i r b a n k  s p l i n t ;  however,  d e f o r m a t i o n  of  th e  head t o  the  
e x t e n t  s e e n  i n  t h e s e  s i x  c a s e s  a t  th e  p r e s e n t  t ime does 
n o t  a p p e a r  t o  r e s u l t  in  any f u n c t i o n a l  d i s t u r b a n c e .  The 
s i x /
s i x  c a s e s  can now be c l a s s e d  l e g i t i m a t e l y  as "GOOD" 
r e c o v e r i e s ,  which would c e r t a i n l y  n o t  have been  the  case  
had t r e a t m e n t  fo l lo w e d  th e  s t a n d a r d  scheme th ro u g h o u t*
As has  a l r e a d y  been  m e n t io n e d ,  only  to w ard s  t h e  
en d  o f  t h e  i n v e s t i g a t i o n  d i d  i t  become obvious  t h a t  t h e r e  
was a  c o n n e c t i o n  be tween th e  i n i t i a l  " i r r i t a t i v e  n e u r i t i s "  
and th e  a p p e a ra n c e  of  the  f i r s t  s i g n s  o f  the  d e f o r m i ty  
some months l a t e r ,  b u t  now t h a t  t h i s  has been  r e c o g n i s e d ,  
i t  i s  p roposed  t o  put  such c a s e s  i n  t h e  a l t e r e d  s p l i n t  
ab i n i t i o  i n  the  hope t h a t  t h e  e n t i r e  d e f o r m i ty  may by 
p r e v e n t e d ,  and t o  keep  a c lo s e  r a d i o l o g i c a l  c h eck  
t h r o u g h o u t  th e  c o u rs e  of  t r e a t m e n t  which w i l l  f o l lo w  
t h e  scheme a l r e a d y  d e s c r i b e d .
As t h i s  s p l i n t  i s  r a t h e r  more d i f f i c u l t  and t i m e -  
consum ing  t o  make, c a s e s  no t  showing a n  e a r l y  n e u r i t i s  
w i l l  be t r e a t e d  i n  th e  s t a n d a r d  F a i r b a n k  s p l i n t  u n l e s s  
r a d i o l o g i c a l  e v id e n c e  o fc te fo rm ity  becomes e v id e n t*  F u l l  
c l i n i c a l  d e t a i l s  o f  t h e s e  c a s e s  a t  t h e  p r e s e n t  t ime w i th  
t h e i r  r a d i o g r a p h s ,  w i l l  be found i n  Appendix  I I .
3* T rea tm en t  o f  E s t a b l i s h e d  d e f o r m i t y .
C o r r e c t i o n  o f  th e  bony d e f o r m i t i e s  has t o  be aimed 
a t  i n  t h e s e  c a s e s  and t h e r e f o r e  sh o u ld  on ly  be c o n s i d e r e d  
unde r /
unde r the f o i l o  wing c 1rcurnstances: -
( a )*  I f  r e c o v e r y ,  g e n e r a l l y ,  i s  s u f f i c i e n t l y  good t o  
e n a b le  the  p a t i e n t  t o  tak e  adv an tag e  o f  the  c o r r e c t i o n .
( b ) .  I f  t h e  p r e v i o u s l y  p a r a l y s e d  m u sc le s  a re  s t r o n g  
enough and s u f f i c i e n t l y  b a la n c e d  t o  t a k e  a d v an tag e  o f  
o f  th e  bony c o r r e c t i o n  and the  fo re a rm  r o t a t o r s  a re  
s u f f i c i e n t l y  s t r o n g  and c o n t r o l l e d .
( c ) . I f  t h e  p r o n a t o r s  do no t  show marked c o n t r a c t u r e .  
There a p p e a r  t o  be s e v e r a l  p o s s i b l e  l i n e s  o f  o p e r a t i v e
t r e a t m e n t :  -
1 .  O s t e o c l a s i s  o f  th e  m idd le  t h i r d  o f  b o th  b o n e s ,  as  
recommended by B lo u n t  (1940)  f o r  s u p i n a t i o n  d e f o r m i t i e s  
i n  c h i l d r e n .  P o s s i b l y  in  a n  e a r l y  case  where th e  u l n a r  
c u r v a t u r e  i s  a s  ye t  minimal and where the  head has n o t  
y e t  g r o s s l y  sub l u x a t e d  t h i s  p r o c e d u r e  may be o f  v a l u e .
I n  t h e  o l d e r  c a s e ,  w h i le  i t  would c o r r e c t  the  u l n a r  
c u r v e ,  t h e  r a d i a l  head would be t o o  deformed t o  reduce  
c o r r e c t l y .
2 . Baldwinfs o p e ra t io n .  This i s  a u se fu l  procedure 
where lo ss  of su p in a t io n  i s  due to  u lnar  cu rva tu re  
and backward displacement of the r a d i a l  ax is  such as 
occurs in  some cases  of  Spas t ic  d i s e a s e .  In  cases  
i n /
i n  which i n  a d d i t i o n  t he  r a d i a l  head i s  s u b l u x a t e d  
or d i s l o c a t e d ,  however, i t  i s  l i k e l y  t h a t  th e  
p r o c e d u r e  would r e s u l t  i n  a n  u n s t a b l e  forearm* The 
o p e r a t i o n  p o s s i b l y  has a  p l a c e  i n  c a s e s  i n  whom t h e  
u l n a  i s  cu rved  b u t  t h e  r a d i u s  shows on ly  t h i c k e n i n g  
o f  t h e  neck  and f l a t t e n i n g  o f  the  head .  ( e . g .  Case 1 6 ) .
3 .  S u b p e r i o s t e a l  os teo tom y  th r o u g h  th e  u p p e r  t h i r d  o f  
th e  u l n a  and e x c i s i o n  o f  the  deformed r a d i a l  head,  
f o l lo w e d  l a t e r  by d i v i s i o n  o f  th e  c o n t r a c t e d  p r o n a t o r  
t e r e s  i f  n e c e s s a r y .  T h is  o p e r a t i o n  was d e v i s e d  in  
th e  hope o f  o b t a i n i n g  a  s t a b l e  fo r e a r m  w i th  improved 
e x t e n s i o n  o f  the  elbow and s u p i n a t i o n  a t  t h e  expense  
o f  some f u r t h e r  s h o r t e n i n g  o f  t h e  fo r e a r m .
The o p e r a t i o n  a l l o w s  of
S t r a i g h t e n i n g  o f  th e  a b n o rm a l ly  cu rv e d  u l n a  by 
a n g u l a t i o n  backward a t  t h e  os teo tom y  s i t e .
R e a l ign m en t  o f  th e  u l n a r  i n t e r o s s e o u s  b o r d e r  w i th  
th e  r a d i a l  a x i s .
"R edu c t io n "  o f  the  r a d i a l  neck  i n t o  the  s i t e  o f  
a  no rm al  r a d i a l  head.
P r e v e n t i o n  o f  th e  bony lo c k  of  th e  deform ed 
h e a d /
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head a g a i n s t  u l n a  and c a p i t e H u m ,
L a t e r ,  rem ova l  o f  the  b i n d i n g  a c t i o n  o f  th e
c o n t r a c t e d  p r o n a t o r  t e r e s  by i t s  d i v i s i o n .
This has been c a r r i e d  out to  date in  one case with  
q u i te  a f a i r  r e s u l t ,  and seems to  be a hopeful l in e  of 
t r e a tm e n t .
O p e r a t i v e  and c l i n i c a l  d e t a i l s  o f  th e  c ase  w i l l  be 
f o u n d  i n  Appendix I I I .
B * THE ANTERIOR TYfE.
I t  w i l l  be s e e n  from the  n o t e s  on the  c l i n i c a l  
f i n d i n g s  i n  t h e s e  c a s e s  t h a t  t h i s  d e f o r m i t y  does n o t  
c a u s e  a n y t h i n g  l i k e  the  amount of  d i s a b i l i t y  which i s  
a s s o c i a t e d  w i th  t h e  p o s t e r o - l a t e r a l  t y p e .  Only i n  one c h i l d  
(Case  27) was t h e r e  l i m i t a t i o n  o f  elbow movements and o f  
s u p i n a t i o n  t o  any v e r y  marked d e g re e  and t h i s  was due
more t o  the  e f f e c t s  o f  the p a r a l y s i s  t h a n  t o  th e  bony
d e f o r m i t y .  I n  c a s e s  in  whom r e c o v e r y  from t h e  
p a r a l y s i s  has  been  good,  t h e  s o l e  e f f e c t  o f  t h e  d i s l o c a t i o n  
a p p e a r s  t o  be l i m i t a t i o n  o f  f u l l  f l e x i o n  o f  th e  e lbow , 
due t o  th e  d i s p l a c e d  r a d i a l  head l o c k i n g  a g a i n s t  the  
f r o n t  o f  th e  hum era l  s h a f t .  P r o n a t i o n  and s u p i n a t i o n  
a r e /
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a r e  l i t t l e  a f f e c t e d  because  t h e  r a d i u s ,  be in g  f r e e  
a t  i t s  p r o x im a l  e n d ,  i s  a b le  t o  move t o  and f r o  and 
a l l o w  f o r  any d i s c r e p a n c y  i n  th e  p o s i t i o n  o f  t h e  r a d i a l  
a x i s .  Me . P a r  l a n d  (1936)  i n  h i s  s e r i e s  o f  e l e v e n  c a s e s ,  
fo u n d  t h a t  on ly  i n  f i v e  was f u n c t i o n  i n t e r f e r e d  w i th  
s u f f i c i e n t l y  t o  w a r r a n t  a c t i v e  t r e a t m e n t .
I f  t h e  t h e o r y  o f  c a u s a t i o n  be th e  c o r r e c t  one, 
a l l  c a s e s  i n  whom t r a c t i o n  on the  arm d u r i n g  b i r t h  
has  b e e n  n e c e s s a r y ,  w h e th e r  a n  E r b fs p a l s y  be p r e s e n t  
or n o t ,  sh o u ld  be examined f o r  s i g n s  o f  a  " p u l l e d  E lb o w " , 
and  i f  t h i s  be p r e s e n t  th e  d i s l o c a t i o n  sh o u ld  be redu ced  
by  m a n i p u l a t i o n .
I n  t h e  o l d e r  c h i l d ,  s t a b l e  r e d u c t i o n  o f  the  
d i s l o c a t e d  head i s  n o t  p o s s i b l e  owing t o  th e  r a d i u s  
b e i n g  p r o p o r t i o n a t e l y  t o o  l o n g .  R e s e c t i o n  o f  th e  
d i s p l a c e d  head i s  th e  c o r r e c t  t r e a t m e n t ,  b u t  o n ly  i f  i t  
i s  a  s o u r c e  of d i s a b i l i t y .
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T h i s  t h e s i s  has d e a l t  w i th  a  c o m p l i c a t i o n  
e n c o u n t e r e d  i n  t h i r t y - t w o  i n s t a n c e s  ou t  o f  a s e r i e s  
o f  one hundred and s i x  t r e a t e d  c a s e s  o f  Brb *s o b s t e t r i c a l  
p a r a l y s i s ,  a n  i n c id e n c e  o f  30%, a  v e ry  h igh  f i g u r e  f o r  
a c o n d i t i o n  which ,  up t o  d a t e ,  has  r e c e i v e d  so l i t t l e  
a t t e n t i o n .  T ak ing  i n t o  a c c o u n t  the  f a c t  t h a t  th e  
t r e a t m e n t  o f  our c a s e s  of B r b f s p a r a l y s i s  had b een  a lo n g  
t h e  s t a n d a r d  l i n e s  and th e  u s u a l  t e a c h i n g  fo l lo w e d  w i th  
r e g a r d  t o  s p l i n t i n g  and p h y s i o t h e r a p y  u n t i l  t h i s  
i n v e s t i g a t i o n  b egan ,  t h a t  c a s e s  a re  only  now b e in g  
d i s c o v e r e d  by the  v a r i o u s  S c o t t i s h  c e n t r e s  f o l l o w i n g  
our  p r e l i m i n a r y  r e p o r t ,  and t h a t  r e f e r e n c e s  in  th e  
l i t e r a t u r e  a r e  few and f a r  b e tw e e n ,  one i s  f o r c e d  t o  
t h e  c o n c l u s i o n  t h a t  th e  c o m p l i c a t i o n ,  c e r t a i n l y  i n  i t s  
e a r l y  s t a g e s ,  i s  b e i n g  o v e r lo o k e d  e l s e w h e r e .  The 
o m is s i o n  may be due t o  an i n s u f f i c i e n t  fo lbw -up  o f  
E r b #s p a r a l y s i s  c a s e s ,  as th e  d e f o r m i t y  may n o t  become 
c l i n i c a l l y  o b v io u s  u n t i l  some t im e  a f t e r  muscle  r e c o v e r y  
has c e a s e d ,  o r ,  a s  f r e q u e n t l y  h appens ,  t o  t r e a t m e n t  o f  
th e  p a r a l y s i s  i n  the  i n f a n t  by a d i f f e r e n t  i n d i v i d u a l  
t o  t h a t  t r e a t i n g  i t s  e f f e c t s  in  th e  o l d e r  c h i l d  and 
a d u l t .
J u d g i n g /
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Jucj^ng from much o f  t h e  l i t e r a t u r e  on E r b fs 
p a r a l y s i s ,  r a d i o g r a p h s  have o n ly  been  t a k e n  o f  th e  
e lbow r e g i o n  when t h e r e  has been  a n  obv ious  c l i n i c a l  
d e f o r m i t y ,  which ,  a s  has b een  shown, does  no t  o c c u r  
u n t i l  t h e  p a t i e n t  i s  some y e a r s  o l d .  I t  seems p o s s i b l e  
t h a t  l a c k  o f  d e t a i l e d  co m p a r iso n  o f  r a d i o g r a p h s  o f  b o th  
e lbow s and f o re a rm s  may a c c o u n t  f o r  t h e  s t a t e m e n t s  i n  
some p a p e r s  t h a t  bony changes  a r e  n o t  s e e n  below the  
age o f  one year  or i n  c h i l d r e n  w i th  l i m i t a t i o n  o f  elbow 
and fo re a rm  movements. The e a r l y  c h an g es  i n  t h e  
r a d i o g r a p h s ,  which have been  d e s c r i b e d ,  cou ld  e a s i l y  
be m is se d  i f  a  f i l m  o f  t h e  a f f e c t e d  limb on ly  i s  examined.
I t  has  been  found p o s s i b l e  t o  d i v id e  the  c o m p l i c a t i o n  
i n t o  two t y p e s ,  a  p o s t e r i o r  one w i th  an  i n c i d e n c e  o f  
2-5.4%, and a n  a n t e r i o r  one w i th  an i n c i d e n c e  o f  4.7%, 
and i t  has  b e en  shown t h a t  t h e s e  t y p e s  a r e  c o m p l e t e ly  
d i s t i n c t ,  the  p o s t e r i o r  type  s t a r t i n g  a s  a s u b l u x a t i o n  
and becoming a  d i s l o c a t i o n  a s  g rowth  p r o c e e d s ,  and  b e in g  
a s s o c i a t e d  w i th  a  c o n s i d e r a b l e  d eg ree  o f  d i s a b i l i t y ,  and 
th e  a n t e r i o r  t y p e ,  a  d i s l o c a t i o n  from th e  o u t s e t ,  c a u s i n g  
l i t t l e  or no d i s a b i l i t y .
The P o s t e r i o r  Type. D i s a b i l i t y  i n  t h i s  d e f o r m i t y  c o n s i s t s  
o f /
1 35 .
o f  l i m i t a t i o n  o f  e x t e n s i o n  of  th e  elbow and of  
s u p i n a t i o n ,  such l i m i t a t i o n s  of  movement b e in g  r e g a r d e d  
i n  most p a p e r s  as  b e in g  due t o  s o f t  t i s s u e  c o n t r a c t u r e s .
T t  has been d e m o n s t r a t e d  i n  t h i s  t h e s i s  t h a t ,  a t  l e a s t  
i n  c a s e s  w i th  a s u b l u x a t i n g  r a d i a l  h ead ,  o t h e r  f a c t o r s  
p l a y  a more i m p o r t a n t  p a r t .
L i m i t a t i o n  o f  p a s s iv e  e x t e n s i o n  of  th e  e lbow  i s  
a  f e a t u r e  i n  t h e  y o u ng es t  c a s e s ,  even  i n  i n f a n t s  o f  
two months o ld  or l e s s ,  b u t ,  a s  no c o n t r a c t u r e s  o f  t h e  
s h o u l d e r  j o i n t  c a p s u l e  or a s s o c i a t e d  m u sc le s  a r e  p r e s e n t ,  
a s  i s  shown by th e  f u l l  range  of  p a s s i v e  movements, i t  
seems r e a s o n a b l e  t o  conc lude  t h a t  n e i t h e r  a re  c o n t r a c t u r e s  
p r e s e n t  a t  th e  elbow j o i n t ,  nor i n  i t s  a s s o c i a t e d  s o f t  
t i s s u e s .  The u n c o n t r a c t e d  t r i c e p s ,  f u l l  p a s s i v e  f l e x i o n  
and f u l l  p a s s i v e  s u p i n a t i o n  i s  p r o o f  o f  t h i s  a s s u m p t io n ,  
and a n  e x p l a n a t i o n  f o r  th e  d i s a b i l i t y  o t h e r  t h a n  
c o n t r a c t u r e s  must  be s o u g h t .  R a d io g ra p h s  o f  t h e  e lbow 
and fo r e a r m  in  t h e s e  sm a l l  b a b i e s  show a c l u b - s h a p e d  
u p p e r  r a d i a l  m e ta p h y s i s  and a n  e a s i l y  d e m o n s t r a b le  
e x a g g e r a t i o n  o f  th e  normal a n t e r i o r  curve  o f  the  upper  
f o u r t h  o f  t h e  u l n a .  The t h e o r y  has been  advanced  t h a t
the growth changes in the metaphysis are  due to  abnormal 
P re s su re s  and th a t  the u lnar  cu rva tu re  i s  the o r i g i n  of  
the  ensuing defo rm ity .  Tt has been suggested t h a t  the
c a u s e s /
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ca use s  o f  t h i s  c u r v a t u r e  a re  s t r e s s e s  and s t r a i n s  s e t  
up by tbe  a t t i t u d e  o f  t h e  l imb i n  the  F a i r b a n k  s p l i n t , 
i n  th e  f o l l o w i n g  ty pe  o f  c a s e ; -
( 1 ) .  One i n  which t h e r e  i s  a n  i n i t i a l  b r a c h i a l  p l e x u s  
n e u r i t i s  w i th  a s s o c i a t e d  muscle  spasm a t  b i r t h .
( 2 ) .  One i n  which t h e  p a th o lo g y  i s  o f  medium s e v e r i t y .
( 3 ) .  On i n  which a lo n g  p e r i o d  o f  s p l i n t i n g  i s  r e q u i r e d  
b e c a u se  o f  slow muscle  r e c o v e r y .
( 4 ) .  One i n  which t h e  r e c o v e r y  o f  b i c e p s  and b r a c h i a l i s  
i s  unduly  d e l a y e d .
As l i m i t a t i o n  o f  p a s s iv e  s u p i n a t i o n  i s  a  l a t e r  
m a n i f e s t a t i o n  t h a n  l i m i t e d  elbow e x t e n s i o n ,  a s  i t  
a p p e a r s  g r a d u a l l y  and a t  th e  same s t a g e  as  s o f t  t i s s u e  
c o n t r a c t u r e s  b e g i n  t o  ap p ea r  a round  the  s h o u ld e r  j o i n t ,  
i t  i s  l i k e l y  t h a t  a t  l e a s t  some o f  t h e  l i m i t a t i o n  o f  
t h i s  movement i s  due t o  p r o n a t o r  c o n t r a c t u r e s .  That 
t h i s  i s  n o t  th e  s o l e  c a u s e ,  however, i s  d e m o n s t r a t e d  
i n  th e  r a d i o g r a p h s ,  where th e  a x i s  o f  movement o f  the  
r a d i u s  on th e  u l n a  i s  o b v io u s ly  d i s p l a c e d  p o s t e r i o r l y  
c a u s i n g  th e  i n t e r o s s e o u s  membrane t o  bosome t a u t  on 
s u p i n a t i o n ,  t h e r e b y  U n i t i n g  t h i s  movement t o  a  few 
d e g r e e s .  In  f a c t ,  i t  seems p ro b ab le  t h a t  the p r o n a t o r
c on t  r a c t u r e s /
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c o n t r a c t u r e s  a re  s econda ry  t o  t h i s  bony d e f o r m i ty  
and  m e re ly  a c c e n t u a t e  t h e  d i s a b i l i t y .
The end r e s u l t  o f  the  sequence  o f  e v e n t s  has  been  
d e m o n s t r a t e d  and i t  i s  o b v ious  t h a t  many such  p a t i e n t s  
would have had a  v e r y  much b e t t e r  f u n c t i o n a l  r e s u l t  
had  i t  not  been  f o r  t h e  l i m i t a t i o n s  o f  movement imposed 
by t h e  bony d e f o r m i t i e s ,  a c t u a l  muscle  r e c o v e r y  h av ing  
b e en  good on th e  w hole .  For  t h i s  r e a s o n  a  new scheme 
o f  t r e a t m e n t  has  been  d e v i s e d  and d e t a i l s  o f  th e  f i r s t  
s i x  c a s e s  so  t r e a t e d  have been  i n c l u d e d .  A v e r y  
d e f i n i t e  improvement bo th  c l i n i c a l l y  and r a d i o l o g i c a l  l y  
i s  e v i d e n t  i n  a l l  s i x .  Tt  i s  hoped t h a t  r e s u l t s  w i l l  
be even  b e t t e r  when such c a s e s  a re  t r e a t e d  in  t h i s  way 
from t h e i r  f i r s t  v i s i t .
A method o f  t r e a t m e n t  o f  th e  e s t a b l i s h e d  d e f o r m i t y  
i n  t h e  o l d e r  c h i l d  has been  s u g g e s t e d  bu t  i s  u n l i k e l y  
e v e r  t o  g iv e  v e r y  s a t i s f a c t o r y  r e s u l t s  a s  by t h a t  a g e  
s o f t  t i s s u e  c o n t r a c t u r e s  and g r o s s  bony d e f o r m i t y  have 
o c c u r r e d .  The one case  so  f a r  o p e r a t e d  upon i s  e v id e n c e  
o f  t h i s ,  b u t  th e  f a c t  t h a t  t h e r e  was some c l i n i c a l  
improvement e n c o u r a g e s  one t o  b e l i e v e  t h a t  o p e r a t i v e  
t r e a t m e n t  i s  o f  some v a lu e  i n  s e l e c t e d  c a s e s .
T h e /
Tbe An t e r i o r  d i s l o c a t i o n s .  From t h i s  s e r i e s  t h i s  
c o m p l i c a t i o n  a p p e a r s  t o  be ve ry  much l e s s  common t h a n  
t h e  p o s t e r i o r  t y p e .  Tt  has been  shown t h a t  the  
r a d i o l o g i c a l  and  c l i n i c a l  a p p e a r a n c e s  a r e  i d e n t i c a l  
w i t h  t h e  s o - c a l l e d  " C o n g e n i t a l  d i s l o c a t i o n  o f  t h e  
R a d i a l  h ead " ,  o f  which a c c o u n t s  o f  t w e n t y - t h r e e  c a s e s  
u n a s s o c i a t e d  w i t h  p a r a l y s i s  have a l r e a d y  been  p u b l i s h e d .
M en t ion  o f  t h e  o c c u r r e n c e  of a n t e r i o r  d i s l o c a t i o n s  
i n  a s s o c i a t i o n  w i th  Erb*s p a r a l y s i s  has been made in  
s e v e r a l  p a p e r s ,  b u t  no a c t u a l  d e t a i l s  have been  
d i s c u s s e d ,  nor  does  t h e  e t i o l o g y  ap p ea r  t o  have been  
c o n s i d e r e d  i n  any way d i f f e r e n t  from the  p o s t e r i o r  t y p e .  
With th e  e x c e p t i o n  of Thomas ( 1 9 1 4 ) ,  who s t a t e s  t h a t  a l l  
t y p e s  of  r a d i a l  head d i s l o c a t i o n  i n  E r b ’ s p a r a l y s i s  a r e  
due t o  b i r t h  i n j u r y ,  a u t h o r s  g e n e r a l l y  a re  o f  the  
o p i n io n  t h a t  the  c o n d i t i o n  i s  due t o  c o n t r a c t u r e s  and 
m usc le  im b a la n c e .
The t h e o r y  has  been  advanced  t h a t  the  c o n d i t i o n  i s  
a  s im p le  t r a u m a t i c  d i s l o c a t i o n  c a u se d  by t r a c t i o n  on 
th e  a f f e c t e d  arm d u r i n g  b i r t h ,  and ,  d ep en d in g  on the  
amount o f  t r a c t i o n  and on th e  p o s i t i o n  o f  th e  c h i l d ,  may 
o r  may n o t  be accompanied  by an  E r b ' s  p a r a l y s i s .  The 
o p e r a t i v e /
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o p e r a t i v e  f i n d i n g s f the  shape of the  u l n a  and o f  t he  
r a d i a l  head a r e  a l l  c o m p a t ib le  w i th  t h i s  t h e o r y .
The c o n d i t i o n ,  p e r  s e , c a u s e s  no d i s a b i l i t y  i n  
most  c a s e s ,  b u t  i f  l i m i t a t i o n  o f  movement be p r e s e n t  
i t  i s  c o n f i n e d  t o  th e  l a s t  few d e g r e e s  o f  f l e x i o n  of  
th e  elbow and i s  due t o  th e  r a d i a l  head im p ing in g  on 
th e  humerus.  When d i s a b i l i t y  i n  any p a t i e n t  i s  marked, 
i t  i s  du8 t o  t h e  e f f e c t s  o f  the  p a r a l y s i s  and n o t  t o  
t h o s e  o f  t h e  d i s l o c a t i o n .
Removal o f  t h e  d i s l o c a t e d  head has been  a d v o c a te d  
o n l y  when i t  i s  t h e  source  of d i s a b i l i t y .
140,
11. N U M M A R Y .
1 .  One hundred  and two c a s e s  of E rb* s  o b s t e t r i c a l  
p a r a l y s i s  have b een  examined*
2 . Subluxat ions  and d i s l o c a t i o n s  of the r a d i a l  head 
were found in  t h i r t y - tw o  in s tan ces  -  30%.
3 .  These s u b l u x a t i a n s  and d i s l o c a t i o n s  were found to  
be d i v i s i b l e  from e v e r y  p o i n t  o f  view i n t o  two d i s t i n c t  
t y p e s .  A p o s t e r i o r  type -  2-5.4%, and an a n t e r i o r  type  
4.7%.
4 .  R a d i o l o g i c a l l y  t y p i c a l  p r im a ry  s i g n s  o f  i n c i p i e n t  
p o s t e r i o r  s u b l u x a t i o n  were found in  c a s e s  a s  e a r l y  a s  
s e v e n  meeks o f  a g e ,  and th o s e  s ig n s  were f o l lo w e d  by 
a c t u a l  s u b l u x a t i o n  of  t h e  head which p ro c e e d e d  t o  a 
com ple te  d i s l o c a t i o n  a s  age advanced .
5 .  a n t e r i o r  type  was found t o  be a  com ple te
d i s l o c a t i o n  from the  o u t s e t ,  and  d i d  no t  a p p e a r  t o  be 
a f f e c t e d  by g ro w th .
6 .  The c l i n i c a l  f i n d i n g s  in  the  p o s t e r i o r  d i s l o c a t i o n
c a s e s  have been  s e t  o u t  and a  s e r i e s  of  r a d i o g r a p h s
o f  s e l e c t e d  c a s e s  rep ro d u c e d  and d i s c u s s e d ,  showing 
th e  d eve lopm en t  o f  th e  d e f o r m i ty  from seven  weeks of 
a g e /
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age u n t ? 1 growth i s  c ompleted*
7* The c l i n i c a l  f i n d i n g s  o f  the  f i v e  c a s e s  of 
a n t e r i o r  d i s l o c a t i o n  have been  s e t  o u t  and r a d i o g r a p h s  
o f  two re p ro d u c e d  and d i s c u s s e d *
8 .  T h e o r i e s  o f  c a u s a t i o n  o f  b o th  c o n d i t i o n s  have 
b een  p r e s e n t e d ,  i t  b e in g  s u g g e s t e d  t h a t  t h e  p o s t e r i o r  
t y p e  i s  due t o  t h e  a t t i t u d e  o f  s p l i n t i n g  i n  c e r t a i n  
c a s e s  and th e  a n t e r i o r  type  t o  b i r t h  i n j u r y .
9 .  A new ty p e  o f  s p l i n t  and a scheme o f  p r e v e n t i v e  
t r e a t m e n t  f o r  the  p o s t e r i o r  ty p e  have been  d e s c r i b e d  
and the  r e s u l t s  i n  s i x  r e c e n t  c a s e s  f o l l o w i n g  t h e i r  
a p p l i c a t i o n .
10. O p e r a t iv e  t r e a t m e n t  f o r  the  e s t a b l i s h e d  p o s t e r i o r  
d i s l o c a t i o n  has been  d i s c u s s e d .  A s u i t a b l e  o p e r a t i o n  
has  been  d e s c r i b e d  and i t s  r e s u l t s  i n  one c a s e .
1 1 .  t r e a t m e n t  f o r  t h e  a n t e r i o r  type  i s  d i s c u s s e d .
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De t a i l e d  C l i n i c a l  F indings in  Cases 1*24.
Cases 1 ■ 6 a t  f i r s t  v i s i t •
CASE I . M. 1 day o ld .  Breech del ivery#  L t .  Erb,
The baby was extremely i r r i t a b l e  and c r i e d  l u s t i l y  
when the a f f e c t e d  arm or the  reg ion  of the b r a c h ia l  
p lexus in  the neck was touched. The para lysed  arm 
was held f i rm ly  a t  the s ide  in  the c l a s s i c a l  p o s i t io n  
and the re  was obvious spasm of the non«paralysed groups 
on p u t t i n g  the limb in  the f u l l y  c o r rec ted  p o s i t io n .  
This  was e s p e c i a l ly  n o t ic eab le  in  the i n t e r n a l  r o t a t o r s  
o f  the arm, t r i c e p s  and p ro n a to rs .
The fo l low ing  muscles were appa ren t ly  p a r a l y s e d : - 
Supra and i n f r a - s o i n a t o r s , d e l t o i d ,  b iceps ,  b r a c h ia lx s ,  
b r a c h i o - r a d i a l i s ,  su p in a to r s  Qf the forearm and r a d i a l  
e x te n so r s  of  the w r i s t .
A l l  passive movements of  the limb f u l l .
CASE 2 . F. 16 days o ld .  Complicated Vertex d e l iv e ry  
R t .  Er b.
Condi t ion  e x a c t ly  as for  Case 1 with the a d d i t io n
o f  p a r a l y s e d  rhomboid m u sc l e s .  A p o s t e r i o r  s u b l u x a t i o  
of  t h e  a f f e c t e d  s h o u l d e r  j o i n t  was p r e s e n t  bu t  was e a s i
the ?&i r  bank s p l i n t .
CASH 3. M. 3 weeks o ld .  Forceps d e l iv e ry .  L t .  Erb.
A h i s to ry  suggestive of an e a r ly  n e u r i t i s  was 
ob ta in ed .  There was s t i l l  some tenderness  in  the neck 
bu t  the  non-paralysed  groups were not t e n d e r .  There 
was d e f i n i t e  spasm of  a l l  unparalysed muscles. The 
same muscles were para lysed  as in  Case 1.
A l l  passive movements of  the limb f u l l .
CASE 4 . M. 3 weeks old. Forceps de l ivery .  L t .  E r b .
A h i s to ry  suggest ive  of  an e a r l y  n e u r i t i s  was 
ob ta ined .  The neck and the  unparalysed muscles were 
no longer  t e n d e r .  D ef in i te  spasm of  a l l  unpara lysec  
musc les .  The same muscles as in  Case 1 were para lysed  
w ith  the a d d i t io n  of the  rhomboids.
A ll  passive movements of the limb f u l l .
CASE 5 . F, 3 weeks o ld .  Forceps d e l iv e ry .  L t .  Erb.
Condit ion  e x a c t ly  as fo r  Case 4 except t h a t  the 
rhomboids were not pa ra lysed .
A ll  pass ive  movements of the limb f u l l .
CASE 6 . M, 9 days old.  Breech d e l iv e r y .  L t .  Erb.
Condi t ion  ex ac t ly  as  for  Case 1 except t h a t  spasm
o f /
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of the unparalysed muscles and tenderness  we re i f  
any th ing  more marked. The rhomboids were para lysed  
but the r a d i a l  ex tenso rs  of  the w r i s t  were u n a f fe c te d .
A l l  passive movements of the limb f u l l .
Cases 1 - 6 a t  age of d iscovery  of d e fo rm ity •
CASK 1 . a t  7 weeks o ld .
Recovery commencing. Spasm of t r i c e p s  and i n t e r n a l  
r o t a t o r s  of the arm s t i l l  p r e s e n t .
Sh o u ld e r : No c o n t r a c tu r e s .  All  passive movements
f u l l  and f r e e .
F a i r  degree of recovery  of para lysed  muscles 
except d e l t o i d ,  which was s t i l l  p a ra ly sed .
Slbow: ' No c o n t r a c tu r e s .  Pass ive  ex tens ion
l im i t e d  by 15°.
F u l l  passive f l e x io n .
Biceps and b r a c h i a l i s  pa ra lysed .
Triceps  -  spasm.
Forearm: No c o n t r a c tu r e s .  F u l l  passive s u p in a t io n .
Sup ina to r  para lysed .
Radial extensors -  s l i g h t  recovery.
Radial head normal c l i n i c a l l y .  Kariy
subluxation r a d io lo g ic a l ly .
CASE 2 . /
As for  Case 1. £>ub luxated shoulder  now s t a b l e .
Elbow: Passive ex tens ion  l im i ted  by 2 0 °.
CASS 3 . a t  4 months o ld .
Recovery qu i te  w ell  advanced. Spasm of t r i c e p s  s t i l l  
p resen t  but o ther  non-paralysed  muscles seemed normal.
Sho u ld e r : A n  muscles show e a r ly  recovery ,  no
c o n t r a c tu r e s .
Slbow: Biceps and b r a c h i a l i s  p a ra ly sed .
Triceps -  spasm. Passive ex ten s io n  
l im i te d  by 2 0 °.
Forearm: Mo c o n t r a c tu r e s .  F u l l  pessive s u p in a t io n .
Supinator  recove r ing .  Passive s u p in a t io n  
f u l l .
R ad ia l  ex tenso rs  recovered .
R ad ia l  head normal, c l i n i c a l l y .  Ear ly  
sub luxa t ion  r a d i o l o g i c a l l y .
CASE 4 . a t  4 months old.
As for Case 3.
Slbow: Passive ex tens ion  l im i ted  by 15°.
Radia l  head s l i g h t l y  more palpable  than 
normal.
am 5 . /
Bee overy w ell  advanced. S t i l l  some s l i g h t  spasm of 
t r i c e p s .
Shoulde r : Becovery almost complete. No co n t ra c tu re
Bibow: Biceps and b ra ch ia l i s  -  s l i g h t  recovery.
Passive extension l imited by 20°.  
Supinators, s l ig h t  recovery.
Passive supination l im ited  by 10 - 15°.  
Radial extensors -  recovery.
R ad ia l  head more palpable  than normal.
CASE 6 . a t  3 months o ld .
Early recovery. Spasm of  t r ic e p s  and in ternal  
rotators s t i l l  present.
Shoulder* ‘A l l  muscles show early recovery. No 
contractures.
Bibow: Biceps and b ra ch ia l i s  paralysed.
Passive ex tens ion  l im i te d  by 20°.
Forearm: No contractures,  f u l l  passive supination,
^upinators paralysed.
Radial head c l i n i c a l l y  normal. Early  
subluxation radio lo g ic a l l y .
C ases /
Case  a 7 -  11 a t  f i r s t  v i s i t .
CASE 7 . M. 4 days old* Forceps d e l iv e r y .  L t • Erb.
Marked tenderness  and spasm of unparalysed muscles, 
t e n d e r  a rea  in neck, resembling Case 1.
The usual muscles were paralysed and included the 
rhomboids and radial  extensors .
CASE 8 . M. 3 weeks old. Breech d e l iv e r y .  Rt .  E rb .
H is to ry  suggest ive  of  an e a r l y  n e u r i t i s .
Unparalysed muscles were no longer tender but showed 
marked spasm. There was a posterior subluxation of the 
shoulder .joint which appeared stable when the sp l in t  had 
been applied .
The usual muscles were paralysed. Rhomboids and 
w rist  extensors were unaffected.
CASE 9 . M. 5 days o ld .  Complicated Vertex d e l iv e ry .
L t . Erb.
In  th i s  case only the t r ic ep s  was spast ic  and tender.  
The usual muscles were paralysed including the rhomboids.
CASE 10. F. 2 weeks o ld .  Forceps d e l iv e r y .  Rt .  Erb.
CASE 1 1 . F# 3 weeks o ld .  Forceps d e l iv e r y .  R t .  Erb.
Case notes merely give the d iagnosis  as "Typical  
Erb*s paralysis" .
Case &/
C ase 7 .
Shoulder
Elbow:
Forearms
CASE 8 . 1
Shoulde r
E l b  q w  s
. y r .  o ld.  Result  FAIR.
Rhomboids - recovery.
S p in a t i  and d e l t o i d  -  good recovery.
Subscapu la r is )
) s l i g h t  c o n t r a c tu r e .  
P e c to ra l s  )
Abduction t o  80°. E x te rn a l  r o t a t i o n  to  
100°.
Biceps and b r a c h i a l i s  -  weak.
Triceps  normal.
Active and passive ex tens ion  l im i te d  by 2 0 ° 
F lex ion  f u l l .
Active su p in a t io n  t o  80°.
Passive su p in a t io n  to  100°.
Wrist movements and hand normal.
A ffec ted  arm about s h o r t e r  than  normal. 
R ad ia l  head abnormally pa lp ab le .
y r .  1 month o ld .  R esu l t  FAIR.
As for Case 7.
Abduction to  90°.
oE x te rn a l  r o t a t i o n  to  115 •
Biceps and b rach ia l i s  markedly weak.
Active and passive extension limited by 25 
Flexion l imited by 5 - 10°*
Forearms Active su p in a t io n  t o  45°.
Passive su p in a t io n  to  60°•
Wrist movements and band normal.
A ffec ted  arm 1" s h o r t e r  than  normal.
Radial head abnormally pa lpab le .
CASE 9 . 2 y r s .  6 months o ld .  Resu l t  FAIR.
Shoulder : Good recovery.
Abduction to  90°.
E x te rn a l  r o t a t i o n  to  125°.
Elbows Biceps and b rach ia l i s  - weak.
Triceps - s l ig h t  contracture.
Active and pass ive ex ten s io n  l im i te d  by 25 
F lex ion  by 5°.
Forearm: Active s u p in a t io n  - 50°.
Passive su p in a t io n  -  70°.
A ffected  arm 1* s h o r te r  than  normal.
Radial head abnormally pa lpab le .
CASE 10, 3 y r s .  old.  Result  FAIR.
As for Case 7.
Shoulder/
External rotat ion  to 95°.
The muscles appeared quite powerful, l im ita t io n  
was due to  contractures of subscapular is  and 
in ternal rotators .
Elbow: Biceps and b ra ch ia l i s  weak.
Triceps - contracture.
Active and passive ex ten s io n  l im i te d  by 30°. 
F lex ion  l im i ted  by 15°.
Forearm: Active su p in a t io n  -  4-5°.
Passive s u p in a t io n  - 5-5°.
A ffec ted  arm ij?" shorter than normal •
Radial head subluxated p o ste r io r ly .
CASE 11. 3 y r s .  6 months o ld .  Result  FAIR.
Shoulder: A l l  muscles and movements p ra c t ic a l ly  normal*
Elbow: Biceps and b r a c h i a l i s  s l i g h t l y  weak.
Triceps normal.
Active and passive extension l im ited  by 20°. 
Flexion l imited by 5 ° .
Forearm: Active s u p in a t io n  -  90°.
Passive s u p in a t io n  -  100°.
A ffec ted /
154 .
A f f e c t e d  arm l u s h o r t e r  t h a n  normal*
R a d ia l  head d e f i n i t e l y  sub luxated  p o s te r io r ly #
C l i n i c a l  f ind ings  In Cases 12 -  24•
CASE 12* M. 5 y rs .  o ld .  R esu l t  BAD. L t .  Erb .  Said 
by the paren ts  to  have been a very i r r i t a b l e  baby for the 
f i r s t  month.
Shoulder: Rhomboids )
) v e r y  weak.
S p in a t i  '
D e l to id  ) paralysed#
S ubscapu la r is )
) con trac ted#
P e c t o r a l s .  '
P o s te r io r  sub luxa t ion  of humeral head p re se n t .  
Abduction to  5°#
E x te rn a l  r o t a t i o n  to  25°.
Elbow: Biceps )
 ^ very  weak#
B r a c h ia l i s  )
T riceps  co n t rac ted  s l i g h t l y .
Extens ion  l im i te d  by 50° .)
) a c t iv e  and pass ive .  
E lexion almost f u l l .  '
Eorearm; Held pronated .
Active su p in a t io n  to  10°.
Passive s u p in a t io n  to  25°•
R a d ia l /
155.
R adia l  e x t e n s o r s  weak*
Radia l  head is  very prominent p o s t e r o - l a t e r a l l y  
i n  semi-pronation*
The a f f e c t e d  limb i s  2 M s h o r te r  than  normal.
CASE 13. M. 5 y rs .  old.  L t .  Erb .  Resul t  PAIR.
ShouIder : Rhomboids normal.
D el to id  )
J normal.
Spinati >
P e c to ra l s  )
) s l i g h t  contracture.  
Subscapularis )
Abduction -  80°.
E x te rn a l  d o t a t i o n  -  100°.
^lbow: Biceps )
2 weak.
B r a c h ia l i s  )
Triceps  - s l i g h t  c o n t r a c tu r e .
Ex tens ion  l im i te d  by 45°.
F lex ion  l im i te d  by 1 0 ° .
Active s u p in a t io n  -  60°.
Passive s u p in a t io n  -  80°.
R ad ia l  head prominent pos te  r o - l a t e  r a l l y  in
sem i-prona t ion .
Affec ted  limb 1" s h o r t e r  than normal.
CASE 1 4 . /
156.
CASE 1 4 . 
Shoulde r »
®lb ow •
Forearm*
CASE 15,• F 
Shoulder:
«. 5 y r s .  o ld .  l e f t  E r b .  R e s u l t  FAJE.
Rhomboids normal.
Belt  old )
\ weak.
S p in a t i  /
Pectorals  )
} some contracture.
S ub scap u la r is  '
Abduction -  70°.
•External r o t a t i o n  -  100° .
Biceps )
 ^ weak compared to normal s id e .  
B rach ia l i s  '
Triceps -  s l i g h t  contracture.
Extens ion  l im i ted  by 50° ac t iv e  and p as s iv e .  
F lex ion  l im i te d  by 10° .
Held p ronated .
Active su p in a t io n  70°.
Passive su p in a t io n  8 5° .
Radial head very prominent p o s te r o - la te r a l ly  
in semi-pronation.
Affected limb l^ ’1 shorter than normal.
6 ^  y r s .  old.  Rt. Erb.  Resu l t  FAIR. ( F ig .  2 . )
Rhomboids normal.
Be I t o i d  . )
> weak compared to the normal side  
Spinati  ^
P e c t o r a l s /
157.
Elbow*
Forearm:
CASE 16. F. 
Shoulde r :
Bib ow:
P e c to ra l s  )
J normal.
Subscapularis '
Abduction to  85°.
External rotat ion  to 120°.
S leeps  )
\ v e r y  weak compared to normal side. 
B rach ia l i s  )
Triceps normal.
Extens ion  l im i ted  by 40° ,  ac t iv e  and p a s s iv e .  
F lex ion  f u l l .
Held pronated .
Active supination to 80°.
Passive su p in a t io n  90°.
Other forearm muscles and hand normal.
Rad ia l  head very prominent p o s t e r o - l a t e r a l l y  
in  sem i-prona t ion .
A ffec ted  limb 1" sh o r te r  than normal.
7 yrs. Rt. Erb.  R esu l t  FAIR.
A n  muscles and movements are  p r a c t i c a l l y  
normal.
Deltoid rather atrophied but functioning w e l l .
Biceps )
J s l i g h t l y  weak.
Brach ia l is  )
Triceps/
Forearm:
CASE 17. F. 
S ho u ld e r :
Elbow:
CASE 18. M. 
Shoulder:
1-58.
T r i c e p s  -  normal .
Extension limited by 2 0 ° active and p as s iv e .  
Flexion f u l l .
Active su p in a t io n  to  85°.
Passive su p in a t io n  to  90°.
Radial head normal to  palpation.
Affected  limb 1M s h o r t e r  than normal.
7 y r s .  o ld .  Rt.  Erb .  Result  FAIR.
A l l  movements normal except fo r  f u l l  e x t e r n a l  
r o t a t i o n  due to  co n t ra c tu re  of p e c to r a l s  and 
s u b sc a p u la r i s .
Biceps )
) weak.
Brach ia l is  )
Triceps normal.
Extens ion  l im i te d  by 30°.
Active supination -  70°.
Passive s u p in a t io n  -  85°.
Radial head palpable pos t e r o - l a t e r a l l y  in
semi-pronation.
A ffec ted  limb 1" s h o r te r  than  normal.
7 y rs .  o ld .  Rt .  Erb. Result  FAIR*
As for  Case 15.
Bib ow: /
159 ,
Bib ow * Biceps )
j we ak.
B rach ia l is  ^
Triceps -  s l ig h t  contracture.
Extension limited by 40°•
F lexion  l im i te d  by 15°.
Active supination -  80°.
Passive supination -  95°.
Badial head prominent p o s te r o - la t e r a l ly  in 
semi-pronation.
Affected limb shorter than normal.
CASE 1 9 , F. 7 y rs .  old.  L t .  Erb. He s u i t  FAIR. 
^boulder* A n  movements f u l l  and normal.
Bib ow» Biceps )
) s l i g h t l y  weaker than normal only. 
Brachia l is  J
Triceps -  s l i g h t  contracture.
Extension limited by 10°.
Flexion - s l ig h t  l im ita t io n .
Active supination 80°.
Passive su p in a t io n  90°.
Badial head palpable p o s te r o - la te r a l ly  in 
semi-pronation.
Affected limb shorter than normal.
CASE 2 0 . /
CASE g o . M. 
Shoulderj
&lb ow;
CASE 21. M. 
Shoulder*
160 *
8 y r s ,  Rt• Erb, Result  FAIR#
Rhomboids weak.
Belto id  )
) weak,
Splnati  ^
Pectorals )
 ^ s l i g h t l y  contracted.  
Subscapularis )
Abduction to  60°,
External rotat ion  to  100°.
Biceps )
) markedly weak.
B rach ia l i s  )
t r ic e p s  normal.
Extens ion l im i te d  by 30° a c t iv e  and p a s s iv e .  
F lex ion  f u l l .
Active s u p in a t io n  1 0 °.
Passive su p in a t io n  20°.
Radial bead palpable p o s te r o - la tera l ly  in 
semi»Pronat ion.
Affected limb l>rrt shorter than normal.
8  y r s .  o ld .  R t .  E rb .  Result  BAD.
Gross l im ita t io n  of a l l  movements.
B e l to id  p a ra ly sed .
Head of humerus p o s t e r i o r l y  sub luxa ted .
E lbow i/
161,
Elbow:
CASE 2 2 . P. 
^ b o u ld e r •
Bibow:
B i  c 0 p s* }
) very weak,
B r a c h i a l i s  )
Triceps  co n t ra c te d .
Extension l im i ted  by 50°.
Elexion  l im i te d  by 15°.
Eorearm held s t rong ly  pronated .
Active s u p in a t io n  - 5°.
Passive su p in a t io n  -  15°.
A l l  hand muscles weak, hand blue and clammy, 
S en sa t io n  poor in  whole hand.
Badial  head very prominent p o s t e r o - l a t e r a l l y  
in  sem i-p rona t ion .
Affected  limb -  3 ” s h o r t e r  than normal.
10 y rs .  o ld .  Rt .  Erb .  Besuit  FAIR. 
Rhomboids normal.
D el to id  )
) weak, 
k p in a t i  )
P e c to r a l s  )
) some c o n t r a c tu r e .  
Subscapu la r is  )
Abduction to  75
E x te rn a l  r o t a t i o n  to  100° .
Biceps )
/ weak.
B r a c h ia l i s  )
Tr * ce p s /
Forearm:
CASE 23 . P. 
Shoulder:
5lbow:
Fo return:
T r ie e ps  £ 1 igb11y c o n t r ac te d .
Extension l im ited  by 35° active and passive .  
Flexion l imited by 15°.
Held pronated .
Active supination to 10°.
Passive supination to 35°.
Hand normal.
Radial bead gross ly  displaced p o s te r o - la te r a l ly  
on semi-pronation.
Affected limb 1-^ " shorter than normal.
15 yrs .  o ld .  R t . Erb .  Resu l t  FAIR, 
f l i g h t  l i m i t a t i o n  of abduction  and e x t e r n a l  
r o t a t i o n .
Muscles appear normal except for s l i g h t  
atrophy of the d e l to id .
Siceps }
) weaker than normal.
Brach'alis  ^
Triceps -  some contracture.
Extension l im ited  by 3 0 ° active  and passive .  
Plexion l im ited  by 15°.
Held pronated .
Active su p in a t io n  to  2 0 °.
Pass iv e /
Lbd
P a ss iv e  s u p i n a t i o n  t o  35
Radia l  head palpable  above, l a t e r a l  and
p o s t e r i o r  to  i t s  normal p o s i t io n  in semi-
p ro n a t io n .
Affected  limb l w s h o r te r  than normal,
CASE 24. M, 25 y rs .  o ld .  R t . Erb. Result  BAD.
There are  no ea r ly  records of t h i s  case as  he was
t r e a t e d  e lsewhere .
S ho u ld e r* D el to id  ? p a ra ly se d .
S p in a t i  )
|  very weak and wasted.
Rhomboids *
I n t e r n a l  r o t a t o r s  c o n t ra c te d .
Gross l i m i t a t i o n  o f  abduction and e x t e r n a l  
r o t a t i o n .
Held sem i- f lexed .Elbow:
forearm:
Biceps )
> very weak.
B r a c h ia l i s  ^
Triceps  co n t ra c te d .
E xtens ion  l im i te d  by 55° a c t iv e  and p ass ive .  
Elexion  l im i te d  by 2 0 °.
Held s t ro n g ly  pronated.
Active and passive su p in a t io n  p r a c t i c a l l y  n i l ,  
I he/
The whole limb is  wasted and cons iderab ly  
sm alle r  than the normal. Trophic 
d i s tu rb a n c e s  of the sk in  are e v id e n t .  The 
r a d i a l  head is  g ro s s ly  d isp laced  and 
palpable in  the usual abnormal p o s i t i o n .
15. APflSMDIX I I *
D eta i le d  c l i n i c a l  f ind ings  in  Cases 1 - 6  fo l lowing  trea tment ,
$he fo l lowing are the c l i n i c a l  d e t a i l s  a t  t h e i r  
p re s e n t  a g e s  of Cases 1 - 6  fo l lowing a l t e r a t i o n  to 
t h e i r  t rea tm en t  a long  the l i n e s  prev ious ly  described#
As the ra d io lo g ica l  d e t a i l s  of a l l  s i x  cases  are 
very s im ilar ,  the radiographs of four only have been 
reproduced#
CASE 1 # 7 months old.  A l te red  s p l i n t  worn 5 mths. 2 weeks.
S h o u ld e r* Complete recovery ,  no c o n t r a c tu r e s .
Biceps and b ra ch ia l i s  - recovering, but 
s t i l l  weak c l i n i c a l l y  and to  Paradic current.
Elbow: Extens ion  l im i te d  by 5° a c t iv e  and p as s iv e ,
f l e x i o n  normal.
Sup ina t ion  -  passive 180°.
ac t iv e  160°.
^ r i s t  and hand normal.
Badia l  head not abnorna l l y  p a lp ab le .
X~ray f in d in g s  -  Ulnar curve much reduced.
Badius of normal l e n g th ,  i . e .  metaphyseal  
l in e  in  normal s i t u a t i o n .
N o /
A f t e r  a l t e r e - p  t r e a t m e n t
A C  E D  7  m t h s .
WoRHAL .
p a r a l y s e d
N o r m a l P a r a l y s e  d .
A L T E R E D  s p l i n t  W o r n  f o r  F I V E .  m o n t h s .
167 #
No p o s t e r i o r  s w i v e l l i n g  of  r a d i a l  s h a f t .
Notch in a n t e r i o r  pa r t  of metaphysis p e r s i s t s  
with s l i g h t  th icken ing  of r a d i a l  neck.
Bones of almcst the same length.
S p l i n t  to  be worn a t  n igh t  only, physio therapy  c o n t in u e s ,  
^he l i n e  drawing shows the amount of reduc t ion  in  the 
u ln a r  curve du r ing  5 months of s p l i n t i n g  and physio therapy .
CASK 2 . 6 mths. o ld .  A l te red  s p l i n t  worn 4 months.
Shoulder» Complete recovery.  No c o n t r a c tu r e s .
No sub luxa t ion  p resen t  now.
Biceps and b rach ia l i s  recovering but s t i l l  
weak c l i n i c a l l y  and to Faradic current.
B*lbow: Extens ion  l im i te d  by 1 0 ° a c t iv e  and p ass iv e ,
f l e x io n  normal.
Bupination  -  passive 180°.
ac t iv e  120° .
Wrist and hand normal.
Radial head not abnormally palpable.
X-ray f i n d i n g s : As for Case 1.
24-hour wear of s p l i n t  and physiotherapy con t inued .
CASK 3 . IX mths. o ld .  A l te red  s p l i n t  worn 7 months. 
S hou lde r* Complete recovery.  No c o n t r a c tu r e s .
Biceps/
168.
C A S E  THREE
A F T E R  A L T E R E D  T R E A T M E N T  
A R £ D  M  m t h s .
N o r m a l
P a r a l y s e d
n o r m a l
ALTERED SPRINT WORN f o r  5 e v £ N  (^OmTHS.
Biceps and b r a c h i a l i s  p r a c t i c a l l y  normal*
Blbow* Extension l im ited  by 5° active and passive .
Flexion normal*
Supina t ion  -  passive 130°* 
a c t iv e  110°•
Wrist and hand normal.
Radial head s l i g h t l y  more palpable than 
normal but in normal s i tu a t ion .
&-ray f i n d i n g s ; Ulnar curva tu re  much reduced.
Radius of normal length.
Upper four th  of rad ius  th ickened .
P. A. and Metaphysis s t i l l  shows an a n t e r i o r  notch .
L a t .  ^iews»
Mo backward sw ive l l in g  of rad ia l  sh a ft .
^ones of almost equal dimensions.
S p l in t  to be worn a t  n igh t  only. Physiotherapy co n t in u es .  
Line drawing shows improvement in  curve as  be fo re .
CASE 4 . 11 mths. o ld .  A i t e s d s p l in t  worn 5 months.
Shoulder * Complete recovery, no contractures.
Riceps and brachia lis  - p ra c t ica l ly  normal.
&lbow: Extens ion  l im i te d  by 5° ac t ive  and p a s s iv e .
Flexion normal.
S u p in a t io n /
170.
S up ina t ion  » passive 180a.
oActive 13-5 •
Wrist  and hand normal.
R ad ia l  head s l i g h t l y  more palpable  than  
normal but in normal s i t u a t i o n .
X~ray f in d in g s  as for  Case 3.
S p l i n t  d isc a rd ed .  Physiotherapy cont inued .
CASE 5 . 11 mths. o ld .  A l te red  s p l i n t  worn 4 months.
S h o u ld e r* Complete recovery .  No c o n t r a c tu r e s .
Biceps and b r a c h i a l i s  p r a c t i c a l l y  normal.
Bibow: Extens ion  l im i te d  by 7° a c t iv e  and p a s s iv e .
Flexion normal.
S up ina t ion  -  passive 180°.
ac t iv e  140°.
Wrist  and hand normal.
Radial head ? more palpable than normal 
but in normal s i tu a t io n .
&-rav f i n d i n g s : Ulnar curvature  much reduced.
Radius 1 r e l a t i v e l y  s l i g h t l y  longer than  u ln a .  
Upper fourth  o f  rad ius  normal but the 
metaphyseal l in e  has an a n t e r io r  notch.
No p o s te r io r  sw iv e l l in g  of r a d i a l  s h a f t .
Bones /
171.
c a s e  f i v e l
a f t e r  A L T E R E D  TREATMENT
A ^ E D  It m t h s .
n o r m a l
P a r a l y s e d
Pa r a l y s e d /m o r i m  a l
A L l  E R E O  S P L I N T  W O R M  F o R  F O U R  /MOrvlTHS
Boner of almost equa l  dimensions.
S p l in t  discarded-, physiotherapy cont inued .
C&&ILJL* 6 mths. o ld .  A lte red  s p l i n t  worn for 3 months, 
f l i g h t  winging of  scapu la .
S hou lder* ^%covery of a l l  muscles except d e l t o i d  which 
i s  s t i l l  weak.
No c o n t r a c t u r e s .
Biceps and b rach ia l i s  s t i l l  d e f i n i t e ly  weak.
J^lbow: Extens ion  of  elbow l im i te d  by 8° a c t iv e  and
p a s s iv e . 
f l e x io n  normal.
Sup ina t ion  -  passive 180°.
ac t iv e  120°.
B ad ia l  head s l i g h t l y  more palpable than  normal 
in normal p o s i t io n .
X^ray f i n d i n g s : Ulnar curva tu re  reduced.
Bad! us o f  normal length.
Upper fou r th  th ickened and neck angu la ted  
p o s t e r i o r l y .
No backward displacement of  r a d i a l  s h a f t .  
24-hour wear of s p l i n t  and physiotherapy con t inued .
CASE 6 . 1 yr .  o ld .  A lte red  s p l i n t  worn fo r  9 months.
S h o u ld e r : /
173.
C A S E  S I X  
a f t e r  a l t e h e q  t r e a t m e n t  
AG)  g D  £> m o n t h s
P A R A L Y S E D
/ VORMAL.Paralysed
s e e  P. s*5.
S P u i r s T  W O R N  F o R  T h F F F  m o m t h S .
CA SE. S I X .
A f t e r  a l t e r e d  T R E A T M E N T
A Q E D  I YEAR
N O R m a l .
Pa r a l y s e  o .
AT
S P L I N T  W O R N  F O R  N i n e  IMo n t h s .
S h o u ld e rs All  muscles normal, no c o n t r a c tu r e s ,
Biceps and b r a c h i a l i s  p r a c t i c a l l y  normal.
Bibpw; Extens ion  l imited  by -5° active and passive .
Fie xion normal.
Supination -  passive 180°.
a c t iv e  150°.
Badial bead as before.  
ft-ray_findin g s« Further reduction in ulnar curvature.
^he condition of tbe rad ia l  bead has not 
further deteriorated .  Xt l i e s  in 
approximately the normal p os it ion  and there 
i s  no posterior sw ive l l ing  of the radius.  
Bones s l i g h t l y  smaller than normal.
Sp l in t  discarded. Physiotherapy cont inued.
16.  APPENDIX I I I .
D e s c r i p t io n  o f  su b p e r i o s t e a l  o s t eotomy of  the  upper  f o u r t h  
o f  t h e u l n a  and e x c i s i o n  of  the  r a d i a 1 he a d .
^ h i s  opera t ion  has been c a r r i e d  out to  date in  one 
case (Case 15 of the S e r ie s )  with a f a i r  r e s u l t .  
Undoubtedly the r e s u l t  would have been b e t t e r  had the re  
not been some e r ro r s  in  techn ique .
OPERATION: Through a l a t e r a l  in c i s io n  the r a d i a l  head
was exposed, the appearances being as in the ope ra t ion  
photographs.  ^he deformed head was removed and the 
periosteum turned over the stump. The wound was l e f t  
open tem porar i ly  so th a t  the e f f e c t s  on the r a d i a l  
stump of d iv i s io n  of the ulna could be examined.
Through a small  in c i s io n  over the subcutaneous edge 
of the ulna the bone was divided s u b p e r io s t e a l ly  a t  the 
Junc t ion  of upper and middle fo u r th s .  This was found 
to  be ra th e r  d i f f i c u l t  owing to  the shape of  the ulna 
a t  t h i s  s i t e .  The elbow was now extended pas t  i t s  
previous l im i t  by p o s te r io r  angu la t ion  a t  the osteotomy 
and the r a d i a l  stump was seen to  s l i p  in to  the p o s i t io n  
which would be occupied by a normal r a d i a l  head. At 
the same time, and as the forearm was sup ina ted ,  the 
lowe r /
lower ulnar fragment was pulled towards the radius,  
presumably due to the t ight  interosseous membrane.
T'he wounds were closed and the limb put in p laster  
in 135° extension of the elbow and f u l l  supination.
This was an error as the elbow should have been f ixed  
in f u l l  extension to maintain the correction.
The arm was immobilised for s ix  weeks and 
thereafter  physiotherapy was carried out.
Be s u i t :
Pre-operative : Supination - passive 90°.
a c t iv e  80°*
Extension of elbow limited by 40°.
Post-ope r a t  i v e : Supina t ion  - passive 130°.
active 120°.
Extension of elbow limited by 20°.
Borne further improvement is  to be expected following  
d iv i s io n  of the contracted pronator t e r e s .
The child  unfortunately has l e f t  the d i s t r i c t  but 
l a t e s t  reports indicate that improvement i s  s t i l l  proceeding.
This seems a hopeful l ine of treatment but one can 
hope for improvement only, as muscular power and balance 
are always abnormal and the capitellum is  s t i l l  deformed.
A Case of Ante r i o r  D is loea t  ion of the Radia1 Head in a 
Ch i ld  aged two weeks.
The in fan t  f i r s t  repor ted  fo r  t rea tm ent  a f t e r  t h i s  
t h e s i s  had been completed and th e re fo re  i s  not included 
in  the s e r i e s  of 106 cases  of  Erb*s p a r a l y s i s .  The ca se ,  
however, was considered worthy of in c lu s io n  as an Appendix 
as i t  is  the youngest case of a n t e r i o r  d i s l o c a t i o n  yet 
encounte red.
The baby was a forceps d e l iv e ry  but did not need 
r e s u s c i t a t i o n  desp i te  a long and d i f f i c u l t  labou r .  The 
mother d id  not know whether the arms had been pu l led  upon 
or n o t .
C l i n i c a l  F ind ings : M. Rt.  Erb*s p a r a l y s i s .
Shou lder» P a res is  of the usua l ly  a f f e c t e d  muscles only.
F u ll passive movements.
A r m : P a re s i s  of b iceps  and b r a c h i a l i s .
Klbow: Passive ex tens ion  f u l l .
F lexion ? s l i g h t l y  l im i ted  in  te rm in a l  degrees
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Forearm: Supinators  para lysed ,
d-adial and ulnar ex tensors  of  w r is t  pa ra lysed .  
Long ex tensors  of f in g e rs  paralysed*
Passive sup ina t ion  f u l l .
No spasm of unparalysed muscles.
F a d ia l  head palpable a n t e r i o r  to  i t s  normal 
p o s i t io n  and does not apparen t ly  a l t e r  t h i s  
p o s i t io n  on movements of the elbow or forearm, 
d i s l o c a t i o n  i r r e d u c ib l e .
X-rav f i n d in g s : A nter io r  d i s l o c a t i o n  of the r a d i a l
bead.
Metaphysis of normal shape.
^ ide space between r a d i a l  bead and u lna .
Apsence of normal p o s te r io r  curva tu re  of 
upper t h i r d  of u lna .
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